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“MYSOLINE”’ raises 


the convulsive threshold 
in grand mal 
and psychomotor attacks 


““MYSOLINE;’ employed alone or in combination with other med- 
ication, controlled or markedly improved 73 per cent of 45 
patients with major motor seizures. In each instance, the previ- 
ous medication had proved to be ineffective.! 


“‘MYSOLINE,” when used as initial therapy in a series of 97 grand 
mal patients, controlled seizures in 57 per cent of the patients; 
an additional 22 per cent were improved.? 


“... after the proper dose was established, ‘Mysoline’ was well 
tolerated without [serious] side effects.’’3 


1. Doyle, P. J., and Livingston, S.: J. Pediat. 43:413 (Oct.) 1953. 
2. Livingston, S., and Petersen, D.: To be published. 
3. Pence, L. M.: Texas State J. Med. 50:290 (May) 1954. 


LITERATURE ON REQUEST 


Supplied: Tablets, 0.25 Gm. Bottles of 100 and 1,000. 


Suspension, 0.25 Gm. per 5 cc. (teaspoonful). Bottles of 
8 fluidounces. 


“MYSOLINE: 


Brand of Primidone 


in epilepsy 


= AYERST LABORATORIES - New York, N. Y. + Montreal, Canada 


Ayerst Laboratories make “Mysoline” available in the United States 


by arrangement with Imperial Chemical (Pharmaceuticals) Limited. 
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INFORMATION 
FOR Authors 


Nevurotocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who wish to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy ) 
should be sent to Dr. Russell N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Neuro.ocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurology 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are contributed solely to 
Nevuro.ocy. They must be typewritten, double 


spaced, and only the original copy should be 
submitted. Illustrations should be drawn in 
India ink on white paper with clear lettering. 
Photographs should be glossy prints. Tables 
should be typed on separate sheets. The title 
of the article, name of author, and number of 
figure should be placed on the back of every 
illustration, and the top should be designated. 
Legends for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. Franxutn, C. R., and 
BrickNer, R. M.: Vasospasm associated with 
multiple sclerosis. Arch. Neurol. & Psychiat. 
58:125, 1947. 

Textbook reference: 2. Wecuster, I. S.: 
A Textbook of Clinical Neurology, ed. 3. Phila- 
delphia, W. B. Saunders Company, 1935, pp. 
194-199. 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
ope correction. There will be no charge 
or corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley a 
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Reduces Muscular Tension 


MEPROBAMATE 
(2-methyl-2-n- propyl-1,3-propanediol dicarbamate) 
Licensed under U.S. Patent No. 2,724,720 


Electromyography shows decisive response 


Electromyographic study of neuromuscular hyper- ambulatory treatment with EQUANIL; showing def- 
activity in 42-year-old male with anxiety-tension syn- inite reduction in tension, greater ability to relax, 
drome. A, Before EQUANIL; action potential of high and marked improvement in muscular coordina- 
amplitude and frequency. B, After one week of tion. C, Point where patient makes effort to relax.! 


The remarkable effectiveness of EQUANIL may 
be demonstrated in two ways. One is by its 
ability to relieve muscle spasm and neuromuscu- 
lar tension.! The second is by its ability to 
relieve mental tension and anxiety. 


Usual dosage: 1 tablet t.i.d. The dose may be adjusted either 
up or down, according to the clinical response of the patient. 


Supplied: Tablets, 400 mg., bottles of 50. 
1. Dickel, H.A., et al.: West. J. Surg., April, 1956. 


anti-anxiety factor 
with muscle-relaxing action 
... felieves tension 


*Trademark 
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dependable adjunct to psychiatric procedures 


AMYTAL SODIUM 


versatile, moderately long-acting 
hypnotic 


@ produces controlled hypnosis for psychiatric evaluation 


@ restores normal sleep cycle in acute excitement 


Available in: @ prevents convulsions during shock therapy 
Pulvules 1 grain 
3 grains @ provides prompt and prolonged narcosis in psychiatric 
Ampoules 1 grain ' patients 
1 7/8 grains 
+ ieete @ aids in differential diagnosis between functional and 
15 1/2 grains organic disease 


720000 


LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S.A. 
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qu icker rel ief 


and shortened disability 


in Herpes Zoster and Neuritis 


Protamide”’ 


... Five Year Clinical Evaluation 


Promptly 


With only one to four injections of Protamide® prompt 
and complete recovery was obtained in 84% of all herpes 
zoster patients and in 96% of all neuritis patients treated 
during a five-year period by Drs. Henry W., Henry G., 
and David R. Lehrer (Northwest Med. 75:1249, 1955). 


The investigators report on a total of 109 cases of 
herpes zoster and 313 cases of neuritis, all of whom 
were seen in private practice. All but 

one patient in each category 
responded with complete recovery. 


This significant response is attributed to 
the fact that Protamide therapy was started 
promptly at the patient’s first visit. 


The shortening of the period of disability 
by this method of management is 
described as “a very gratifying experience 
for both the physician and the patient.” 


Protamide® is a sterile colloidal solution prepared 
from animal gastric mucosa... free from protein 
reaction... virtually painless on administration 
...used intramuscularly only. Available from 
supply houses and pharmacies in boxes of ten 
1.3 cc. ampuls. 


Protamide 
...a product of herman Laboratories 


Detroit 11, Michigan 
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Desbutal 


(DESOXYN® plus NEMBUTAL?®) 


to dispel anxiety and depression 


One capsule represents 5 mg. DEsoxyn (Methamphetamine, Abbbott) Hydrochloride 


and 30 mg. NEMBUTAL (Pentobarbital, Abbott) Sodium. 
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HYDROCHLORIDE 


10-( y-dimethylamino-n-propy!)-phenothiazine hydrochloride 


Promazine Hydrochloride, Wyeth 


*Trademark 


THE ALCOHOLIC 


SPARINE is an agent of prompt, 

predictable, and potent action 

in controlling withdrawal symptoms. 

Often, in selected cases 

under the adequate supervision 

of the family physician, 

it may afford home control : 
of postalcoholic agitation and hyperactivity. 


SPARINE is a well-tolerated and dependable 
agent when used according to directions. 

It may be administered intravenously, 
intramuscularly, or orally. 

Parenteral use offers 

(1) minimal injection pain; 

(2) no tissue necrosis at the injection site; 

(3) potency of 50 mg. per cc.; 

(4) no need for reconstitution before injection. 


Professional literature available upon request. 


1, Figurelli, F.A.; Indust. Med. & Surg. 25:376 (Aug.) 1956. 


Philadelphia 1, Pa. 
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for those with 


PARKINSONISM 


Smoother activity 


and 


brighter expression 


w reduces rigidity and tremor. 


w seldom causes dryness of the mouth, 
blurring of vision or excitation. 


**KEMADRIN’ brand Procyclidine Hydrochloride 
Tablet of 5 mg., scored. Bottles of 100 and 1,000. 


Literature available on request. 


BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe, N.Y. 
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dramatic 


response 
in resistant 


epilepsy 


. 


Acetazolamide Lederle 


NON-MERCURIAL DIURETIC 


Freedom from epileptic seizures has been 
previously observed in a significant num- 
ber of cases of grand and petit mal fol- 
lowing treatment with DIAMOX.? 


In a recent report, Golla and Hodge? credit 
DIAMOX with an unusually beneficial effect 
on resistant cases of petit mal. DIAMOX was 
administered daily to 78 patients whose 
attacks, poorly controlled by standard rem- 
edies, ranged from one to 100 a day. The 
day after initiating treatment 34 of the 78 
patients were free of seizures, 33 suffered 
no seizures during the first month, and the 
number of attacks was reduced to one or 


Ref, B 


two a month in the remaining patients. 
Only two patients failed to respond to treat- 
ment. Improvement was maintained during 
the second month of treatment. Increasing 
the dosage led to further improvement. 


A highly versatile drug, DIAMOx has also 
proved singularly useful in other condi- 
tions, including cardiac edema, acute glau- 
coma, obesity, premenstrual tension. tox- 
emias and edema of pregnancy. DIAMOx is 
well tolerated orally and even when given 
in large dosage side effects are rare. 


Supplied: Scored tablets of 250 mg. (Also 
in ampuls of 500 mg. for parenteral use.) 


W. K.; Garzoli, R. F.; Lombrosos, C.; Davidson, D. T., and Wallace, W. M.: Am. J. Dis. Child. 


84:771 (Dec.) 1952. 2. Golla, F. and Hodge, R. S.: Letters to the Editor, Lancet 1:304 (Feb. 25) 1956. 


t Lederle) LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 


“Reg. U.S. Pat. Off. 
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Many hospitals have found that 


THORAZINE’ 


e reduces or eliminates the need for restraint and seclusion 
e reduces need for shock therapy and lobotomy 

e reduces destruction of personal and hospital property 

e makes patients accessible and receptive to psychotherapy 
e improves morale of patients, nurses and staff 


e speeds release of hospitalized patients 


‘Thorazine’ is available in ampuls, tablets and syrup (as 
the hydrochloride), and in suppositories (as the base). 


Smith, Kline & French Laboratories, Philadelphia 


1. Overholser,W., in Chlorpromazine and Mental Health, 
Philadelphia, Lea & Febiger, 1955. 


*T.M. Reg. US. Pat. Off. for chlorpromazine, S.K.F. 
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Volume 7 


HEMISPHERECTOMY, first described by 
Dandy' in 1928, was based upon the 
observation that the right frontal, tem- 
poral, and occipital lobes of the brain 
could be removed without producing 
apparent mental impairment. In his ori- 
ginal presentation, Dandy reported five 
cases in which the operation was per- 
formed, all of the five patients having 
had a glioma. Three of the group died 
soon afterward, and one of the other two 
had not been observed sufficiently long 
to permit an estimate of the outcome. 
From the result in the remaining case, 
he concluded that, “Although this is 
scarcely an operation to be advised, it 
offers to those desirous of living under 
adverse conditions a much longer ex- 
tension of life than is possible by any 
other form of treatment.” 

Thus far, more than 75 hemispherec- 
tomies have been reported. The ma- 
jority were performed for tumors, chief- 
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Cerebral Hemispherectomy 


Present Status and Clinical Indications 


Robert J. Goodall, M.D. 


ly gliomas, although the procedure has 
been applied to a number of other con- 
ditions. Gardner® in 1933 reported two 
cases in which he removed the right 
hemisphere for tumors. Bell and Kar- 
nosh,* Marshall and Walker,t Rowe,® 
Mensh and co-workers, Zollinger,” and 
Karnosh and Gardner’ have since em- 
ployed the operation for the removal ot 
tumors. On the whole the results have 
been surprisingly good, with improved 
mentality and personality, better mus- 
cular control, less emotional instability, 
more tractability, and, in some cases, a 
capacity to perform limited duties. 
Krynauw® deserves credit for recog- 
nizing the value of hemispherectomy in 
the treatment of infantile hemiplegia. 
In his opinion, mental deviations and 
convulsive seizures are adequate indica- 
tions for the procedure. He observed a 
material improvement in personality, 
mentality, and behavior postoperatively. 


728 Medical Arts Bldg., Houston 2, Texas. 


q 


152 NEUROLOGY 


Similar observations have been made by 
Cairns,'” McKissock,'! Obrador and Lar- 
ramendi,'* and Gros and Vlahovitch.™ 
The author has employed hemispherec- 
tomy in the treatment of three patients, 
all of whom had hemiplegia, uncontrol- 
lable convulsions, evidence of homony- 
mous hemianopsia, and severe mental 
changes. 

From these experiences, it is apparent 
that hemispherectomy has a definite 
value in properly selected cases. As 
Dandy' pointed out, the procedure of- 
fers the most favorable prognosis when 
performed for tumors limited to one 
hemisphere. This, of course, cannot be 
determined definitely prior to explora- 
tion; if the evidence suggests such limi- 
tation, however, one is justified in rec- 
ommending the procedure. Other indi- 
cations for hemispherectomy are cere- 
bral atrophy, porencephalic cysts, arach- 
noid cysts, microgyro formations, para- 
ventricular cysts, and Sturge-Weber’s 
disease. It is likewise promising in in- 
fantile hemiplegia associated with men- 
tal disturbances and uncontrollable con- 
vulsions and in similar disorders in 
adults, as well as in degenerative con- 
ditions such as unilateral hydrocephalus 
with unilateral cerebral atrophy, uncon- 
trollable convulsions, mental disturb- 
ances, contralateral hemiplegia, and he- 
mianopsia. Obviously, the more pro- 
nounced the neurologic defect, the more 
advantageous will be the operation. 

In the future, bolder surgeons may 
operate for advanced hemiplegia before 
severe mental deterioration and convul- 
sive seizures have developed. It may 
even be possible to prevent an advanc- 
ing neurologic deficit if the contralateral 
hemisphere is capable, at an early age, 
of compensating for removal of the dis- 
eased hemisphere. 


A complete history and thorough 
physical and neurologic investigation, 
as well as electroencephalograms, pneu- 
moencephalograms, and _arteriograms, 
should be a part of the examination of 
every patient who may be a candidate 
for this operation. Psychologie and vis- 
ual studies may also provide valuable 
information, although the mental status 
of the patient may preclude or limit 
these features of the survey. Cinematog- 
raphy before and after surgery is useful 
for comparative purposes. 


PROCEDURE 


The majority of surgeons have em- 
ployed intratracheal anesthesia and in- 
travenous sodium Pentothal for- hemi- 
spherectomy. An adequate supply of 
blood should be available for transfu- 
sion. Usually the operation can be per- 
formed without the induction of con- 
trolled hypotension, although this meas- 
ure may serve to reduce bleeding. 

Surgeons differ in their methods of 
removing the hemisphere. Penfield and 
Evans'* pointed out that the operation 
should properly be called a corticecto- 
my. McKissock'"! has emphasized the 
importance of removing the choroid 
plexus; two of his patients, in whom the 
plexus was left intact, developed secon- 
dary hydrocephalus necessitating subse- 
quent surgery. Gardner? removed most 
of the caudate nucleus in a right hemi- 
spherectomy, yet ten years later Bell and 
Karnosh* reported a return of voluntary 
movement of the man’s lower limb on 
the left. Cairns’? felt that preservation 
of the hippocampus is important because 
of its connection with the hypothalamus. 
He also recommended preservation of 
the arteries to the basal ganglion from 
the first part of the middle cerebral ar- 


tery. 
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CEREBRAL HEMISPHERECTOMY 


Some surgeons have attempted to re- 
move the hemisphere entirely by coagu- 
lating or clipping the veins along the 
longitudinal sinus and obliterating the 
anterior, middle, and posterior cerebral 
arteries. The author prefers to amputate 
the hemisphere by the fractional method, 
using an electrosurgical unit and a low 
cutting current. As the basal ganglia are 
approached, one must be extremely care- 
ful to prevent electrical damage. The 
use of Gelfoam will control oozing where 
electrocoagulation may be dangerous. 
After removal of the hemisphere, the 
dura should be tightly closed, the bone 
flap replaced, and the skin flap sutured 
in layers. Most patients readily regain 
consciousness after the operation. 

The chief complications have been 
wound infection and hemorrhage. In- 
fection usually can be prevented by the 
administration of antibiotics. Once it 
develops, smears, cultures, and _sensi- 
tivity studies should be made. 

If considerable bleeding is encoun- 
tered at operation and oozing is suspect- 
ed postoperatively, frequent dural punc- 
tures with careful attention to asepsis 
will probably facilitate recovery. The 
introduction of an infection into the 
dural cavity is unlikely if a rigid aseptic 
technic is followed. 

Unless the convulsive seizures cease 
completely after operation, anticonvul- 
sant medication is advisable for three to 
six months; thereafter, it may be with- 
drawn gradually. 

When the patient's condition permits, 
the surgeon should consider it an obli- 
gation to obtain all the information pos- 
sible in order to evaluate the results. 
Neurologic studies, as well as studies of 
the visual fields, roentgenograms of the 
skull, psychometric and psychologic 
tests, audiograms, and electroencephalo- 
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grams should be repeated. Orthopedic 
measures for the correction of deformi- 
ties and stabilization of joints, if indi- 
cated, should not be undertaken until 
after a period of one or two years. 


POSTOPERATIVE RESULTS 


Although the results of hemispherec- 
tomy are unpredictable, reported experi- 
ences permit a general estimate of the 
outcome. 

Physical status. The majority of pa- 
tients with hemiplegia have not exhibit- 
ed any improvement in muscle strength. 
Preoperative and postoperative cinema- 
tography studies indicate that any im- 
provement is due to reduction of spas- 
ticity; for the most part, spastic hemi- 
plegia in the contralateral extremities 
is converted into a moderately flaccid 
hemiplegia. There is little danger of 
increasing the hemiplegia if it is well 
advanced, as is usually the case. 

Sensory status. Sensory defects vary 
considerably in different patients follow- 
ing operation. The majority are found 
to have lost their finer discriminating 
sensations on the involved side. In most 
patients light touch is diminished but 
perceptible. Pain may be either dimin- 
ished or somewhat exaggerated. Vibra- 
tory sensations are generally diminished. 
Heat and cold are readily distinguished; 
however, greater extremes may be neces- 
sary, indicating a diminution of percep- 
tion. Position sense, likewise, is usually 
less acute, although still perceptible. 

Most patients are not aware of any 
disturbance of olfaction, yet careful test- 
ing may show marked impairment on 
the side of the operation. 

No extraocular muscle paralysis is to 
be expected. There may be slight aniso- 
coria, although as a rule the light re- 
flexes are normal. Fine horizontal nys- 
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tagmus has been observed. An homony- 
mous hemianopsia can be demonstrated 
in every case. Macular sparing has also 
been observed and is believed to be bi- 
lateral, as stated by Walsh." 

For practical purposes, hearing func- 
tion is not altered. Preoperative and 
postoperative audiograms have shown 
no striking differences. Penfield and 
Evans have pointed out that some pa- 
tients may actually claim better hearing 
on the involved side. They believe that, 
although hearing may be normal on the 
side of the operation, the ability to de- 
tect the exact source of sound may be 
impaired in the contralateral ear. 

Usually no change in the sense of taste 
is noticeable postoperatively. One of 
Gardner’s* patients, however, reported 
that taste was “thinner on the affected 
side.” 

Speech and mental status. It is gen- 
erally assumed that the left hemisphere 
controls speech in right-handed individ- 
uals. If advanced degeneration of the 
hemisphere can be shown on pneumoen- 
cephalography and hemispherectomy is 
performed on the right in left-handed 
individuals, it seems unlikely that speech 
will be grossly disturbed. Zollinger’ re- 
moved the left hemisphere in a right- 
handed patient; she was able to utter 
a few intelligent words postoperatively, 
and it was his opinion that, had she sur- 
vived, her speech might have improved 
greatly. One of Gardner's? patients who 
was left-handed was able to speak nor- 
mally following a right hemispherecto- 
my, although his left hand was para- 
lyzed and he was unable to write. Kar- 
nosh and Gardner® felt that this indi- 
cated that speech function may be sit- 
uated in the intact hemisphere and right- 
handedness may be dictated by the op- 
posite side. 


NEUROLOGY 


Peripheral findings. The deep reflexes 
on the hemiplegic side will usually be 
exaggerated and the abdominal reflexes 
diminished. As in one of the author’s 
patients, however, the reflexes may be 
essentially normal. The Hoffmann, Ba- 
binski, and confirmatory signs may or 
may not be present. In view of the flac- 
cid paresis of the extremities postopera- 
tively, pendulation with hypotonia can 
be expected. 

Autonomic function. No pronounced 
changes in autonomic function following 
this procedure have been reported. Zol- 
linger’® reported extensive studies on 
vasomotor responses of the extremities 
by determination of skin temperature, 
but was unable to demonstrate any 
measurable alterations in peripheral 
temperature regulation on either the ip- 
silateral or contralateral side. In some 
patients intestinal motility has increased, 
with relief of constipation. 

Electroencephalographic changes. The 
findings on electroencephalography have 
also shown considerable variation fol- 
lowing hemispherectomy. In general, it 
appears that voltage is materially dimin- 
ished on the side of the operation. The 
electroencephalogram in a case reported 
by Obrador and Larramendi' indicated 
that abolition of attacks of epilepsy was 
accompanied by slow activity in the 
contralateral hemisphere, which previ- 
ously had been greatly disorganized. 
Stimulation of the side of the body on 
which the operation was performed pro- 
duced a depression of the normal cor- 
tical rhythms. In three of their four 
cases Marshall and Walker* found that 
the activity on the unoperated side was 
markedly diminished and was unchanged 
on the operated side. In all four patients 
a rhythm in the alpha range was pre- 
sented on the hemispherectomized side. 
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CEREBRAL HEMISPHERECTOMY 


In one case photic stimulation induced 
a better response on the operated side, 
while in another case the reverse was 
true. 


CASE REPORTS 


Case 1. An 11 year old white girl had a 
history of a febrile illness accompanied by 
grand mal convulsions at the age of 11 months. 
Following termination of the infection, seizures 
persisted with a left Jacksonian component, 
despite anticonvulsant medication. During the 
previous year, the family had noticed that she 
seemed to be deteriorating mentally and had 
become extremely difficult to manage. 

An electroencephalogram which had been 
made approximately one year previously showed 
a diffusely slow response with marked suppres- 
sion of activity in the right occipital region, 
paroxysmal bursts of high voltage (2 per sec- 
ond) spike slow-wave complexes, which were 
increased by hyperventilation, and an appar- 
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Fic. 1. Case 1. Preoperative electroencephalo- 
gram. Findings reported compatible with the diag- 
nosis of a postencephalitic convulsive disorder and 
suggestive of both focal cortical (right frontal re- 
gion) and diencephalic disease. 
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ently independently discharging high voltage 
spike focus in the right frontal region (fig- 
ure 1). 

The child exhibited a typical left hemiplegia. 
The deep reflexes in both left extremities were 
exaggerated and a Babinski sign was present on 
this side. The superficial abdominal reflexes 
were diminished. Sensory examination revealed 
definite evidence of a diminution of pain and 
of light touch on the left. The patient walked 
with a spastic gait. Voluntary motion was 
slight in the toes of the left foot and moderate 
in the left ankle. Flexion and extension of the 
knee were fairly good. Only a minimal volun- 
tary motion was possible in the left upper ex- 
tremity; the patient could barely abduct the 
thumb and flex the fingers and the extremity 
was practically useless. 

A pneumoencephalogram revealed marked 
dilation of the right lateral ventricle. The left 
ventricle appeared fairly normal, while the 
third ventricle was somewhat dilated and 
shifted slightly to the right (figure 2). 

A Stanford-Binet test revealed a general in- 
telligence of 76 per cent and a full scale in- 
telligence quotient of 64 based upon the 
Wechsler-Bellevue test. According to these find- 
ings, her mental age was nine years. Visual 
field tests revealed a left homonymous hemian- 
opsia with macular sparing. Visual acuity was 
20/15 in each eye. 

A right hemispherectomy was performed on 
July 24, 1953. A free bone flap was turned 
and the entire cortex was removed down to 
the basal ganglion, the hippocampal gyrus be- 
ing undisturbed. The choroid plexus was left 
intact. 

The pathologist reported that the specimen 
exhibited evidence of severe degenerative 
changes with gliosis. Several areas of marked 
focal atrophy were found in the frontal and 
occipital sections. 

No anticonvulsant medication was given 
postoperatively, and on the twelfth day the 
patient had a grand mal seizure. Small doses 
of Dilantin and phenobarbital were instituted 
immediately and she had no further convul- 
sions. Although the medication was gradually 
withdrawn over a period of six months, she has 
remained completely free of seizures to the 
present time, now almost three years later. 

The child’s mental outlook improved materi- 
ally following the operation. Her aggressive, 
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Fic. 2. Case 1. 


Preoperative roentgenograms of skull. A, anteroposterior view showing hydrocephalus of 


entire right hemisphere, including anterior horns, body, and posterior horns. Small amount of air in an- 


terior horn of left ventricle. 


No definite shift of the ventricles. B, right lateral brow-down view showing 


large hydrocephalus of the midbody, occipital, and temporal horns of right lateral ventricle. Fourth ven- 
tricle is not filled. C, lateral view of right ventricular septum, further demonstrating the huge unilateral 


hydrocephalus. 
the large hydrocephalus. 


irritable behavior ceased, she was able to get 
along well with her family and friends, and 
was a much happier, more carefree child. 
Cinematography showed a marked improve- 
ment in gait and use of the left upper extrem- 
ity as compared to these findings in the pre- 
operative films, and over a period of months 
the patient gained further use of the arm. The 
previously spastic gait became more flaccid, 
probably accounting for the increased motor 


Although no subarachnoid convolutional air is apparent, little cortex could remain with 


activity, since no significant improvement of 
muscle function could be demonstrated. 

A postoperative neurologic examination re- 
vealed a left homonymous hemianopsia with 
macular sparing. Visual acuity was unchanged. 
The left corneal reflex was apparently slightly 
diminished. All modalities of sensation over 
the entire left side of the body, including the 
facial area, were also slightly diminished. Lo- 
calization of light touch was less accurate on 
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the left than on the right. The deep reflexes 
were exaggerated. There was no Babinski sign. 
The abdominal reflexes were markedly dimin- 
ished on the left. No cerebellar signs could be 
demonstrated other than those which could be 
explained on the basis of the paresis. 

Psychometric tests were repeated at two 
months and again seven months following 
hemispherectomy. At the latter examination, 
the child’s personality and mental efficiency 
appeared slightly improved, although her in- 
tellectual status was unchanged. 

An electroencephalogram made two months 
after operation showed a remarkable change 
compared to the previous study. There was no 
evidence of activity from the right side of the 
head, except that which could be ascribed to 
reflection from the opposite hemisphere. There 
were occasional runs of 5 to 6 per second 
waves in all left leads, but no spike and spike 
wave complexes, as were observed in the pre- 
operative record. Hyperventilation was not 
carried out satisfactorily, but showed some in- 
crease in slowing in the left hemisphere, with 
no abnormal forms. 

In the second electroencephalogram, made 
approximately eight months after operation, 
activity of the left hemisphere was described 
as approaching normal (figure 3). 

Case 2. A five year old white girl was ex- 
amined on February 11, 1954 because of left 
hemiplegia and convulsive seizures. The child 
had a large port-wine stain on the right side 
of the face and anterior two-thirds of the scalp. 
The mother stated that she had appeared to 
be normal at birth, that she sat alone at four 
and one-half months, and walked at 22 months. 
She had the first convulsion at approximately 
four and one-half months of age during a 
slight febrile episode. At seven to eight months 
of age it was noticed that she was quite rest- 
less and that her left upper and lower extremi- 
ties were weak. At the age of nine months a 
right parietal osteoplastic flap was turned and 
the family was told that a small sac of fluid 
was removed, Since the operation, convulsions 
had never been completely controlled, the pa- 
ralysis of the left side had gradually increased, 
and the child had become extremely restless 
and difficult to discipline. 

An electroencephalogram made in 1949 had 
revealed a depression of activity on the right, 
suggesting an extensive superficial vascular 
lesion of the leptomeninges. Another electro- 
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Fic. 3. Case 1. Electroencephalogram made eight 
months postoperatively. The activity of the left 
hemisphere approaches normal. 


encephalogram made in October 1952 indicat- 
ed extensive cortical atrophic changes in the 
right hemisphere, probably with an epilepto- 
genic focus in the right frontal lobe (figure 4). 

At the author’s first observation, the child’s 
hemiplegia was practically complete, although 
she was able to feed and to dress herself par- 
tially. She was said to have spoken a few 
words at the age of two years; thereafter she 
had become aphasic and was now able to make 
only a few guttural, animal-like sounds. 

The patient was well nourished and, aside 
from the port-wine angioma over the right face 
and anterior two-thirds of the calvarium, her 
general appearance was good (figure 5). The 
facial muscles on the left were weak, though 
no extraocular paresis was apparent. A left 
homonymous hemianopsia was believed to be 
present, since she turned her head to the left 
in order to see objects placed directly before 
her. Since she could not talk, further examina- 
tion of the cranial nerves was extremely diffi- 
cult. The deep reflexes in both left extremities 
were exaggerated and Babinski and Hoffmann 
signs were present. The superficial abdominal 
reflexes were absent on the left. Pain was 
well perceived; the child cried out on stimu- 
lation of either side of the body and the ex- 
tremities. Psychologic testing was impossible. 

Plain roentgenograms of the skull revealed 
an extensive serpiginous type of calcification 
on the right side of the intracranial structure 
(figure 6). A pneumoencephalogram demon- 
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Fic. 4. Case 2. Electroencephalogram approxi- 
mately two years prior to operation. Findings be- 
lieved to indicate extensive cortical atrophic 
changes in right hemisphere, probably with an 
epileptogenic focus in right frontal lobe. 


strated good filling of the subarachnoid spaces 
and the third, fourth, and lateral ventricles. 
The right lateral ventricle was slightly dilated 
as compared to the left; otherwise no abnor- 
malities were observed other than the intra- 
cranial calcifications which were apparent in 
the plain films. 

A right hemispherectomy was performed on 
September 16, 1954. The meninges were found 
to be extremely vascular, and the cortex con- 
tained numerous vascular capillary angioma- 
tous formations throughout but most pro- 
nounced in the temporal and parietal lobes. 
The arachnoid was grossly thickened and 
almost opaque in some areas. The choroid 
plexus, as well as the cortex, was removed. 


In order to prevent accumulation of fluid 
beneath the scalp flap and to keep the patient 
from tearing at the dressings, a plaster head 
cast was applied. When the cast was removed 
five days postoperatively, there was no fluid 
beneath the flap. From this experience, it ap- 
pears that a cast provides an excellent means 
of precluding these possibilities. 

The diagnosis of hemangiomatosis (Sturge- 
Weber's disease) was confirmed by the pa- 
thologist (figure 7). 

The child was placed on a minimal dosage 
of anticonvulsant medication for approximately 
six months, and the drug was then discontin- 
ued. She has had no seizures since the opera- 
tion. 

Mentally this patient is much more alert, 
takes more notice of her environment, and is 
more docile and easily managed. According 
to the mother, she has exhibited none of her 
previous antisocial behavior. She is still aphasic, 
despite strenuous efforts to teach her to speak. 
Her gait has definitely improved, again prob- 
ably because of an increased flaccidity of the 
extremities. 


Fic. 5. Case 2. Photograph of patient showing 
port-wine angioma of right side of face. 
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Fic. 6. Case 2. Preopera- 
tive roentgenograms of 
skull. A, anteroposterior 
view. There is a_ slight 
asymmetry of the skull, 
the right side being small- 
er than the left. Calcifica- 
tions follow the outlines 
of the gyri in the poste- 
rior parietal and occipital 
areas. B, right lateral view 
delineating the calcifica- 
tions of the parietal and 
occipital gyri, as well as 
a portion of the inferior 
temporal gyrus. Findings 
typical of Sturge-Weber 
syndrome. C, Towne view 
of the skull, again dem- 
onstrating the asymmetry 
of the skull with cerebral 
calcification in the right 
hemisphere. 
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The neurologic findings were unchanged 
postoperatively, except for reduced spasticity 
of the extremities. 

An electroencephalogram made  approxi- 
mately one month after operation showed 
marked changes in comparison with the study 
made in October 1952. There was little activ- 
ity in the leads of the right hemisphere, and 
the activity on this side was a reflection from 
the left hemisphere. The activity of the left 
hemisphere was less disordered than in the 
preoperative study (figure 8). Essentially the 
same condition was reflected in another elec- 
troencephalogram made four months postop- 
eratively. 

Case 3. A 30 year old white woman was first 
brought for observation in November 1951 be- 
cause of left hemiplegia and uncontrollable 
convulsions. According to the history, at ten 
months of age she had had measles accompa- 
nied by high fever, unconsciousness for sev- 
eral days, and convulsive movements in the 
left face, leg, and arm. The illness was fol- 
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Fic. 7. Case 2. Microscopic sections of 
brain in Sturge-Weber’s disease. A, low 
power view of surface of brain, showing 
angiomatosis of leptomeninges. B, a group 
of neoplastic vascular structures shown un- 
der high magnification. The individual ves- 
sels are thin walled, dilated, and distorted. 
Each is lined by a single layer of flat endo- 
thelial cells. The intervening stroma repre- 
sents the fibrous substance of the meninges. 
C, a characteristic focus of subcortical cal- 
cification viewed under high magnification. 
The calcific deposits are granular and are 
arranged in clusters. 


lowed by extreme left hemiplegia. By the age 
of 15 months she had regained use of the arm, 
and at two years she was walking alone. No 
further convulsions developed until she reached 
the age of nine; the grand mal seizures had 
continued ever since. She had been in the state 
hospital for epileptics for several years. 

The patient was extremely difficult to exam- 
ine, showing evidence of marked mental re- 
tardation. Neurologic investigation revealed no 
definite signs of cranial nerve disturbance other 
than a left internal strabismus of mild degree 
and a gross homonymous hemianopsia. The 
deep reflexes in the left upper and lower ex- 
tremities were exaggerated, and the Babinski 
and Hoffmann signs were present. The ab- 
dominal reflexes were absent. Sensory findings 
were difficult to evaluate, although all modali- 
ties of sensation over the right side of the body 
appeared to be diminished. Motor function 
tests revealed a pronounced weakness of both 
left extremities, with typical spastic hemiplegia. 

Psychometric studies indicated a mental age 
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Fic. 8. Case 2. Posteperative electroencephalo- 
gram. There is little activity in leads of the right 
hemisphere and the activity on this side is a re- 
flection from the left hemisphere. The activity of 


the left hemisphere is less disordered than in the 
preoperative study. 


of approximately three years, with a general 
intelligence level of 20 months. 

Pneumoencephalography demonstrated poor 
ventricular filling, and apparently a slight dila- 
tion and shift to the right of the right lateral 
ventricle. 

The patient was given extremely large doses 
of anticonvulsant drugs until August 1954. At 
that time she was having 20 to 30 convulsions 
daily, was exceedingly difficult to manage, re- 
fused to try to dress or feed herself, and fre- 
quently exhibited both fecal and urinary in- 
continence. 

An electroencephalogram made on August 
17, 1954 indicated a focus for a convulsive dis- 
order in the anterior portion of the right hemi- 


161 


sphere, the area covered by the frontal, motor, 
and anterior temporal leads (figure 9). 

At operation on August 19, 1954 the entire 
right hemisphere was removed except for the 
uncus and hippocampi gyri. The choroid plex- 
us, also, was undisturbed. The pathologist’s 
diagnosis, following study of the specimen, was 
cerebral gliosis. 

For several months following the operation 
the patient was much more alert and less bel- 
ligerent, but at times she had temper tantrums 
and was difficult to manage. She was also able 
to dress and feed herself and to perform sim- 
ple household tasks. Despite heavy anticonvul- 
sant therapy, the seizures recurred three or four 
times every month. A neurologic examination 
three months postoperatively revealed essen- 
tially the same findings as before surgery, 
although the spasticity of the extremities and 
the gait had improved. 

At her last observation in November 1955, 
one year and three months after operation, the 
patient was still taking moderate amounts of 
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Fic. 9. Case 3. Preoperative electroencephalo- 
gram. The waking pattern is slow and lateralizes 
principal dysfunction to the right. Recurring spikes 
indicate a focus for a convulsive disorder in the 
anterior portion of the right hemisphere, the area 
covered by the frontal, motor, and anterior tem- 
poral leads. 

Fic. 10. Case 3. Postoperative electroencephalo- 
gram. This is a moderately abnormal tracing. It 
is so classified because of the proportion of slow- 
wave activity in the pattern awake, and because 
of a tendency toward suppression of voltage over 
the central and posterior portions of the right 
hemisphere. 
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anticonvulsant medication, with complete con- 
trol of seizures. She seemed more alert and 
was able to get along well with persons out- 
side the family. As well as could be determined, 
there were no changes in the neurologic pic- 
ture as compared to that observed at the pre- 
vious examination. An electroencephalogram 
made on November 18, 1955 was considered 
moderately abnormal because of slow-wave 
activity in the pattern awake and suppression 
of voltage over the right hemisphere (figure 
10). In view of the persistent seizures, anti- 
convulsant therapy was continued. 

In this case, as was expected, the surgical 
results were less successful than in either of 
the other two. Nevertheless, the convulsions 
are under control and the patient is more alert 
and less difficult to manage. 


SUMMARY 


1. The literature on hemispherectomy 
is reviewed, with particular reference 
to the more significant observations. 

2. Indications for the operation are 
discussed. 
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3. The importance of a careful evalu- 
ation of each patient before undertaking 
such a radical procedure is emphasized. 

4. The findings on neurologic exam- 
ination and supplementary tests are de- 
scribed, and the expected neurologic 
deficit is outlined. 

5. A surgical technic is described 
briefly, and measures which have been 
found useful in preventing postopera- 
tive complications are mentioned. 

6. Three cases, including the opera- 
tive results, are reported. 


CONCLUSION 


It is generally accepted that hemi- 
spherectomy is worthwhile in selected 
cases. Further reports are needed to 
assist the neurologist and neurosurgeon 
in a more accurate evaluation of patients 
who may be candidates for the proce- 
dure. 
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Carotid Angiography 


A Small-Dose Technic 


Capers Smith, M.D. 


THE HARMFUL EFFECTS of contrast media 
upon the cerebral blood vessels are well 
known. Differences of opinion exist con- 
cerning the pathogenesis of the resultant 
brain damage, but there is experimental 
and pathologic confirmation’ that the 
various media in current use do, under 
certain circumstances, alter the permea- 
bility of the cerebral vessels and pro- 
duce varying degrees of arteritis or acute 
necrosis of vessel walls with cerebral 
edema and perivascular hemorrhages. 

Numerous clinical studies*-'® support 
the view that the severity of vascular 
injury and, consequently, brain damage, 
is directly proportional to: 1) the con- 
centration of the solution of radiopaque 
contrast medium (dye); 2) the amount 
of dye used for each injection; 3) the 
total amount of dye used at one pro- 
cedure; and 4) the time interval be- 
tween successive injections. 

A clinical study of carotid angiogra- 
phy was undertaken at the North Caro- 
lina Memorial Hospital with the purpose 
of controlling these variables without 
sacrificing diagnostic accuracy. 


METHOD 


1. Only Diodrast (35 per cent solu- 
tion) was used. 


2. Not more than 5 cc. was used for 
a single injection. 

3. Not more than 30 cc. was used for 
unilateral study. 

4. An interval of not less than ten min- 
utes was allowed between injections. 

5. An effort was made to perform the 
test as best suited the clinical diagnosis, 
rather than in a routine manner. 

Since adopting this policy in Decem- 
ber 1954, 63 angiograms have been done 
on 50 patients, of whom three-fourths 
were in the 30 to 60 age group. All 
studies were done by the percutaneous 
method. Local anesthesia with 1 per 
cent solution Procaine after intramuscu- 
lar or rectal paraldehyde was used in all 
cases, except one child who was given 
vinyl ether anesthesia. 

The use of 5 cc. injections created 
problems not occurring with 10 cc. vol- 
umes, but, with experience, good films 
in series were regularly obtained. Smaller 
doses than 5 cc. were inadequate for 
most purposes. 

The essence was to maintain concen- 
tration of the dye and yet to fill those 
parts of the cerebral vascular tree im- 
portant in the diagnosis. Therefore, suc- 
cess of the method depended largely 
upon the following: 1) rapid injection 
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of the dye; 2) care to prevent dilution 
of dye in the syringe by blood; and 3) 
exposure of the films at the critical mo- 
ment. 

The Picker craniograph used in these 
studies permitted the exposure of three 
films following a single injection of dye. 
Cassettes were removed manually, and 
the times of initial and succeeding ex- 
posures were chosen by the operator ac- 
cording to the phases of the circulation 
most likely to be informative. 

Thus, in suspected aneurysm or arte- 
riovenous malformation, the operator 
made every effort to fill the arterial tree 
completely (figures 1 and 2). To empty a 
5 cc. syringe through an 18 gauge needle, 
1 second was required. Therefore, with 
an x-ray time of 0.5 second, the operator 
directed exposure of the first film as soon 
as 3 cc. dye had been injected, the two 
remaining films being exposed and re- 
moved as rapidly as possible thereafter. 
If arterial and venous circulations were 
thought to be of equal importance, the 
arterial was caught by exposing the first 
film at the end of the 5 cc. injection (fig- 
ures 4 and 5). Subsequent exposures 
were then made after 2.5 to 4 seconds 
in order to show venous filling (figure 
3). If the initial films were not entirely 
satisfactory, the reasons were obvious. 
If, for example, the operator had injected 
the dye too slowly, there was poor con- 
trast. If a particular phase had not been 
shown, he corrected for this failure in 
the next series by allowing either longer 
or shorter intervals between film expo- 
sures, taking into consideration any un- 
usually prolonged or shortened circula- 
tion time. It was thought safer to re- 
peat, after ten minutes, a 5 cc. injection 
if unsatisfactory, than to give a single 
10 cc. injection, even though the latter 
was easier, technically. 
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The studies reported were done by 
eight different operators working with 
combinations of ten to 12 different x-ray 
technicians. Some were experienced, 
while others were beginners. 


TECHNICAL RESULTS 


Of 63 angiograms, 56 were done strict- 
ly within the limits of the general policy 
described above, and 50 of these were 
of diagnostic quality. All of the six fail- 
ures were attributed to faulty technic, 
such as external carotid artery injection, 
injection of dye into the neck, or poor 
timing. 

The technic was violated in seven in- 
stances. In all of these the diagnosis had 
been made previously by the small-dose 
method, but larger doses of dye were 
used in the hope of getting better de- 
lineation of the lesions. In one case, that 
of a large arteriovenous malformation, 
10 cc. of dye revealed the extent of the 
lesion better than 5 cc. In another, an 
aneurysm of the anterior cerebral artery 
was found to fill more completely when 
the larger dose was used. In the remain- 
ing five, the technical violation added no 
information to the diagnosis of one in- 
tracerebral clot, one arteriovenous mal- 
formation, one aneurysm, and two nor- 
mal studies. 

To obtain the 50 studies of diagnostic 
quality, the smallest amount of dye used 
for one complete procedure in adults 
was 8.0 cc.; the largest, 30.0 cc. The 
average total amount of dye used was 
15.3 cc. It should be understood that, 
in addition to the usual anteroposterior 
and lateral projections, special views 
were made in one-third of the studies. 

In 47 of the 50 studies, the contrast 
medium was injected into the common 
carotid artery; in only three was the 
internal carotid entered directly. 
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Fic. 1. Early arterial phase, lateral view, dem- 
onstrating lobulated aneurysm of right posterior 
communicating artery. Note dilution of dye, 
primarily due to slow injection. (Common ca- 
rotid injection of 5.0 cc. 35 per cent Diodrast 
solution ). 

Fic. 2. Midarterial phase, anteroposterior view, 
demonstrating small aneurysm of anterior com- 
municating artery (lesion was better seen in 
oblique views). (Common carotid injection of 
5 ce. 35 per cent Diodrast solution). 

Fic. 3. Midvenous phase, lateral view. Nor- 
mal angiogram. Note dilution of dye. (Com- 
mon carotid injection of 5 cc. 35 per cent Dio- 
drast solution ). 

Fic. 4. Late arterial phase, anteroposterior 
view (same case as figure 3). (Common carotid 
injection of 5 cc. 35 per cent Diodrast solu- 
tion ). 

Fic. 5. Late arterial phase, lateral view, dem- 
onstrating intracerebral hematoma deep in the 
right hemisphere. (Common carotid injection 
of 5 cc. 35 per cent Diodrast solution). 
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DIAGNOSTIC RESULTS 


In the 50 patients there were 22 ab- 
normal angiograms: seven aneurysms, 
two arteriovenous malformations, two 
intracerebral hematomas, three occlu- 
sions of the internal carotid artery, one 
hydrocephalus, six tumors, and one tu- 
mor suspect. There were 28 negative 
studies: seven subarachnoid hemor- 
rhages, seven epilepsies of late onset, 
one chronic lymphatic leukemia with 
a frontal lobe syndrome, three suspect- 
ed subdural hematomas, nine tumor 
suspects, and one brain abscess suspect. 


COMPLICATIONS 


In the entire group studied there were 
no significant extracerebral complica- 
tions. Among the 56 angiograms done 
while adhering strictly to the prescribed 
technic, there occurred one intracerebral 
complication, that of a grand mal seiz- 
ure in a known epileptic who had been 
given no anticonvulsant drugs for ten 
days. 

Among the seven angiograms which 
violated the prescribed technic, there 
occurred one temporary hemiplegia dur- 
ing one of the injections and one death 
three and one-half days following angi- 
ography. The case histories were as 
follows: 

Case 1. Temporary hemiplegia. A 30 year 
old man had a subarachnoid hemorrhage from 
an aneurysm of the anterior communicating ar- 
tery. The aneurysm was demonstrated with the 
small-dose technic and without complication. 
Angiography was repeated one week later to 
obtain special views. He received two injections 
of 5 cc. of dye into the right common carotid 
artery with a ten to 15 minute interval after 
each. An additional 15 cc. was given within a 
period of five minutes, followed by another 5 
ce. five minutes later. Left hemiplegia occurred 
immediately, but the patient had recovered 
completely within 12 hours. It appears that 
violation of the time interval rule may have 
been responsible for this reaction. 
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Case 2. Death. A 42 year old white woman 
was in coma, with raised blood pressure, peri- 
odic breathing, and a left hemiplegia. With the 
first two injections of 5 cc. of dye, a large he- 
matoma was shown in the right cerebral hemi- 
sphere. To obtain special views one additional 
5 ce. injection and three 10 cc. injections were 
made. Increased respiratory difficulty ensued. 
The patient died three and one-half days later. 

The usual time interval had been allowed be- 
tween injections, but the maximum single dose 
was doubled on three occasions and a total of 
45 cc. of Diodrast was used. The woman was 
critically ill when the study was done, but the 
change in respiration immediately following the 
procedure suggests additional brain swelling in- 
cident to the examination. The angiographic 
procedure may have played a part in increasing 
the tentorial herniation from which she died 
three and one-half days after the study. 


DISCUSSION 


The small-dose technic has not been 
ideal, since more than two injections of 
dye were necessary in 35 of the 50 cases. 
However, more than three injections 
were required in only 17 cases. One- 
third of these extra doses were necessary 
in order to get special views; the remain- 
der were for the most part due to im- 
proper technic: the dye had been in- 
jected too slowly, or had become too 
diluted with blood, or the timing had 
been incorrect. Because the rapid injec- 
tion of dye is so important to the suc- 
cess of this technic, its possible hazard 
must be remembered. It has been stated 
that no appreciable rise in distal arterial 
pressure results from a carotid injec- 
tion,'* and it is recognized that pres- 
sures within an aneurysm do not neces- 
sarily correspond to those of the parent 
vessel. Nevertheless, knowledge on this 
matter is incomplete, and the possibility 
remains that rapid injection may be 
dangerous, particularly in aneurysms so 
placed as to receive the full pressure 
effect. Reported instances of such acci- 
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dents are so few in the abundant litera- 
ture that rapid speed of injection has not 
been considered objectionable on prac- 
tical grounds. 

It is important to stress that, in every 
instance, the test was performed in the 
manner best suited to the clinical diag- 
nosis. An attempt was not made to dem- 
onstrate all phases of the angiogram but, 
with care, any particular phase could be 
obtained satisfactorily. 

Perhaps diagnoses have been missed 
that could have been made with larger 
volumes of dye, but there has been no 
reason to believe that such has hap- 
pened, and the diagnostic results in this 
short experience compare favorably with 
those obtained by other workers using 
larger amounts of dye.™:1'?15 When 
used in this series, volumes greater than 
5 ce. failed to add any significant infor- 
mation to that already obtained by the 
small-dose method. 

This series is too small to permit judg- 
ment upon the added safety of the 5 cc. 
technic. However, the two serious com- 
plications encountered followed larger 
doses of dye than routine in one in- 
stance and, in the other, gross violation 
of the minimum time limit between in- 
jections. 


SUMMARY 


1. Sixty-three consecutive angiograms 
were done on 50 patients, using 35 per 
cent Diodrast solution. In 56 of these, 
a technic employing maximum single 
doses of 5 cc. and maximum total doses 
of 30 cc. was used; a time interval of 
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ten to 15 minutes was allowed between 
injections. In seven studies this policy 
was violated. 

2. Fifty of the 56 angiograms done 
with the small-dose technic were of diag- 
nostic quality. A grand mal seizure in 
one patient was the only intracerebral 
complication. 

3. The seven studies which violated 
the prescribed technic were of diagnos- 
tic quality; one temporary hemiplegia 
developed during angiography and one 
death occurred three and one-half days 
after the study. 

4. The method, observations concern- 
ing the important factors in its success- 
ful use, and the results have been dis- 
cussed from the standpoint of diagnostic 
accuracy and relative safety. 


CONCLUSIONS 


Although individual susceptibilities un- 
doubtedly vary and although there is no 
clear evidence of a dosage threshold of 
toxicity, it is known that large amounts 
of contrast media, rapidly repeated, are 
more harmful to the brain than small 
doses given at ten to fifteen minute in- 
tervals. It is therefore reasonable to use 
the smallest dose compatible with effi- 
ciency, to separate the injections as 
widely as possible, and to accept these 
limitations in ease of procedure if com- 
plications are thereby reduced. 

The technic employing 5 cc. doses 
of 35 per cent Diodrast solution, given 
at intervals of not less than ten minutes, 
has been as satisfactory as when larger 
quantities have been used. 


My thanks are due to Dr. Thomas W. Farmer, professor of neurologic medicine, and Dr. Ernest 


H. Wood, professor of radiology, for their help with this work. 
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@ Hippocrates knew nothing distinctly prong the nature and uses of the 


nerves, though he seems to have had some con 


used notions respecting the 


nervous power, which, however, he places in the veins. If the spirit, he says, 
which flows through the veins be stopped or interrupted, the part in which 


it is stopped becomes impotent: 


thus, in sitting or lying down, when the veins 


are compressed so that the spirit does not pass through them, a torpor is im- 
mediately induced. He confounds the nerves sometimes with the veins, some- 


times with the ligaments and tendons. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Increased Intracranial Pressure in 


Chronic Lung Disease 


Charles C. Carter, M.D. and Theodore J. Fuller, M.D. 


THE PURPOSE of this paper is to describe 
the occurrence of papilledema in em- 
physema in order to present an unusual, 
but probably not rare, cause of papil- 
ledema. Attention will be given to the 
possible mechanism of production of 
papilledema. 

Deviations from the usual intravascu- 
lar concentration of blood-formed ele- 
ments and blood oxygen and carbon- 
dioxide concentrations may produce 
changes in the funduscopic appearance 
of the retina. Such changes as “cyanosis 
retinae,”' “fundus polycythemicus,”? and 
papilledema may accompany cyanotic 
congenital heart diseases, polycythemia 
rubra vera, and the polycythemia which 
is secondary to chronic lung diseases. 
Cases of papilledema in emphysema are 
infrequently reported in medical litera- 
ture, Probably the earliest reported case 
was by Cameron in 1933.* 

Interest in this subject is accentuated 
by recent advances in the understanding 
and treatment of chronic pulmonary dis- 
ease and its complications. Chronic pul- 
monary disease is manifested by patho- 
logic changes in the alveolar and pul- 
monary capillary walls which tend to 
produce impaired alveolar-capillary gas 


exchange, increase in content and partial 
pressure of carbon dioxide in the alveo- 
lar air, increase in free carbon dioxide 
and carbonic acid in arterial blood, and 
resultant respiratory acidosis. Respira- 
tory acidosis may or may not result in 
lowered arterial pH, depending upon the 
ability of the body to compensate meta- 
bolically through the chemical regula- 
tion of arterial pH.* Chronic pulmonary 
disease may also be accompanied by a 
secondary polycythemia (erythrocytosis) 
as a manifestation of a physiologic re- 
sponse to chronic anoxia.* 

The gross mechanisms responsible for 
edematous changes in the optic nerve 
head are increased intracranial pressure, 
obstruction of the venous circulation of 
the optic nerve head, inflammation of 
the tissue of the optic nerve head, and 
decreased intraocular pressure. Some of 
the physiologic and pathologic mechan- 
isms causing “swelling and blurring” of 
optic disks have been fairly well worked 
out, but much is still speculative.** 
Consideration of the cause of papillede- 
ma in pulmonary emphysema must in- 
clude a number of concurrent physio- 
logic changes, any one of which may 
contribute to the causation of increased 
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intracranial pressure. These are: 1) in- 
creased venous pressure with or without 
increased cerebrospinal fluid pressure, 
2) secondary polycythemia (erythrocy- 
tosis ), and 3) changes in carbon dioxide 
concentration and pH of the blood. 


CASE PRESENTATION 


The following case is presented as 
an illustration of papilledema associated 
with pulmonary emphysema, with sub- 
sequent alleviation after elimination of 
respiratory acidosis. 

A white male taxicab driver, 52 years of age, 
was admitted to Barnes Hospital on October 
27, 1954, with symptoms of chronic respiratory 
insufficiency of eight years’ duration. Two 
weeks prior to admission he had been seen in 
the outpatient department where physical ex- 
amination revealed signs of chronic obstructive 
pulmonary emphysema. Polycythemia was 
manifest by ruddy complexion, dusky mucous 
membranes, and engorged retinal veins. There 
were no retinal hemorrhages or exudates and 
papilledema was absent. Bronchodilators were 
prescribed, but symptoms progressed. One day 
prior to admission to the hospital continuous 
diffuse headache commenced and mental con- 
fusion became apparent. Past history and re- 
view of symptoms were not remarkable. 

At the time of admission the temperature 
was 36.5° C., pulse 96 per minute, respira- 
tions 24 per minute, and blood pressure 130/80. 
He was very dyspneic at rest. There was in- 
tense cyanosis of the mucous membranes and 
nail beds. The extraocular movements and 
pupillary reactions were normal. Funduscopic 
examination revealed bilateral one to two diop- 
ter papilledema, with numerous fresh flame- 
shaped hemorrhages about both optic disks. 
The retina itself was dusky and the retinal 
veins engorged. The lungs were hyperresonant 
and the breath sounds distant to absent with 
a few moist inspiratory rales over the left upper 
lobe. The cardiac rhythm was normal sinus in 
character. The second pulmonic sound was ac- 
centuated. The liver and spleen were not 
palpable. There was no clubbing or edema. 
Neurologic examination was not remarkable, 
except for impairment of recent memory. 
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Laboratory data. Blood count revealed red 
blood cells 7.97 million, hemoglobin 21.6 grams, 
white blood count 6,800 with normal differen- 
tial pattern, and “adequate platelets.” Hemato- 
crit was 74 per cent. Urinalysis revealed a 
specific gravity 1.030, pH 6.0, protein and car- 
bohydrate negative, sediment unremarkable. 
Stool was guaiac negative, blood cardiolipin 
negative, and blood carbon dioxide combining 
power was 44 mEq. per liter. 

Hospital course. On the day of admission, 
roentgenographic examination of the chest 
showed pulmonary congestion and minimal 
cardiomegaly. Electrocardiographic diagnosis 
indicated “marked clockwise rotation, consis- 
tent with pulmonary emphysema.” Skull roent- 
genograms were negative. Electroencephalo- 
gram revealed “irregular slow dysrhythmia, non- 
focal, consistent with organic brain changes.” 
A lumbar puncture was then performed. Cere- 
brospinal fluid pressure was 400 mm. of water 
and the fluid was crystal clear. Because of the 
high pressure, no fluid was removed for cell 
count or protein determination. Basilic venous 
pressure was 132 mm. of saline and the arm- 
to-tongue circulation time (Decholin, normal 
10 to 16 seconds) was 24 and 29 seconds on 
successive trials. 

Pulmonary function studies revealed an esti- 
mated maximal breathing capacity of 95 liters 
per minute. Actual maximal breathing capacity 
was 58 liters per minute. Total lung volume 
was 6980 cc. and residual lung volume 4330 cc. 
Ratio of the residual lung volume to the total 
lung volume was 62 per cent (normal less 
than 35 per cent). 

It was felt that the primary disorder was 
pulmonary emphysema. Therapy was instituted 
accordingly, with broad antibiotic coverage 
(penicillin and streptomycin) and_broncho- 
dilators (aminophyllin intravenously and _rec- 
tally, ephedrine orally). An aerosol mixture of 
Isuprel and Alevaire was administered by man- 
ual nebulizer every two hours. On_ hospital 
days 1, 2, 3, 5, and 7, phlebotomies were 
performed, with resultant total removal of 
2300 cc. of blood and decrease in the hemato- 
crit to 55 per cent. During the first hospital 
week the patient was placed in the Drinker 
tank respirator eight hours daily, with continu- 
ous nasal oxygen. 

By the end of one week there was evidence 
of improvement. Headache, mental confusion, 


. 


PAPILLEDEMA IN EMPHYSEMA 


dyspnea at rest, and cyanosis cleared com- 
pletely. The papilledema seemed stationary. 
The blood carbon dioxide combining power 
had decreased to 30 mEq. per liter. Antibiotics 
were withdrawn, as was the Drinker respirator. 
Aerosol bronchodilators were continued for the 
rest of the hospital stay, but were given by 
intermittent positive pressure in inspiration by 
the Bennett respirator. Blood count on the 
eighth hospital day revealed a red blood cell 
count of 6.03 million, hemoglobin 18.4 grams, 
white blood cell count 5,800, and platelets 
2,020,000. Subsequent platelet counts were 
within the normal range. In view of the 
marked pulmonary disease, normal white blood 
cell level, absence of a palpable spleen, and 
the subsequent normal platelet counts, the 
hematologic diagnosis was secondary polycy- 
themia. 

At the end of the second hospital week the 
patient felt completely well and had resumed 
normal activity about the ward. A repeat elec- 
troencephalogram was reported as “much im- 
proved over previous record and now compati- 
ble with patient’s age. The previously described 
slow activity is no longer present.” Repeat lum- 
bar puncture revealed an initial pressure of 
190 mm. After removal of 3 cc. of crystal clear 
fluid, the closing pressure was 160 mm. No 
cells were seen. Protein content was 50 mg. 
per cent. Funduscopic examination showed 
beginning reabsorption of the hemorrhages and 
recession of the papilledema. The blood car- 
bon dioxide combining power at the end of the 
second hospital week was 28.1 mEq. per liter. 

After hospital discharge the patient was fol- 
lowed at 14-day intervals in the outpatient de- 
partment of Washington University School of 
Medicine. On January 17, 1955, two and a half 
months after therapy was first instituted, no 
papilledema was evident. At this time blood 
counts were as follows: red cell count 5.48 
million, hemoglobin 16.8 grams, white cell 
count 5,800 with normal differential. The 
blood carbon dioxide combining power was 
33.7 mEq. per liter. The patient felt well and 
had returned to regular employment as a cab 
driver. He denied all discomfort and stated 
he had been active in a regular bowling league 
without recurrence of symptoms. 

During the preparation of this report, the 
patient suddenly expired in his cab at work. 
He had been free of symptoms prior to his 
death. 
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COMMENT 


The fact that an increase in cerebro- 
spinal fluid pressure will result from an 
increase in the venous pressure of the 
jugular veins is well known and forms 
the basis for the Queckenstedt, Tobey- 
Ayer, and Grant-Cone tests. It seems 
doubtful that increased intracranial ve- 
nous pressure arising from extracranial 
venous obstruction can produce papil- 
ledema. High venous pressures are fre- 
quently noted in patients with right 
heart failure. Superior vena cava ob- 
struction syndromes produce an increase 
in jugular venous pressure. Bilateral 
jugular vein ligation is often performed 
during neck dissection surgery for the 
removal of malignant tissue.* Papille- 
dema is not a part of these syndromes. 
Even complete obstruction of one or 
more dural sinuses may not result in 
papilledema or increased cerebrospinal 
fluid pressure. Bedford,® as a result of 
experiments on dogs, concluded, “1) the 
rise of cerebrospinal fluid pressure which 
follows obstruction of the external jugu- 
lar veins or of the lateral sinuses is a 
temporary phenomenon, and 2) an ab- 
normally high torcular venous pressure 
is compatible with a normal cerebro- 
spinal fluid pressure.” 

Increase in concentration of formed 
elements in the blood stream may change 
the dynamics of intracranial venous pres- 
sure. Loman and Dameshek!” discussed 
this problem after recording the case of 
a patient with secondary polycythemia 
of probable pulmonary origin with pa- 
pilledema, increased cerebrospinal fluid 
pressure, a basilic venous pressure of 
8 cm. of water, and internal jugular 
pressure of 30 cm. of water. No carbon 
dioxide combining power was reported. 
They postulated “thickening of the 
blood, relative venous stasis or slowing 
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and damming of venous blood in the 
rigidly enclosed sinus and cerebral 
veins” as the source of the increased 
intracranial pressure leading to papil- 
ledema. 

This description coincides well with 
what seems to occur in the retinal blood 
vessels in patients with cyanotic types 
of congenital heart disease or secondary 
polycythemia described in ophthalmo- 
logic literature as “cyanosis retinae.” 
Kronfeld defined the retinal picture as 
“characterized by very pronounced 
widening and tortuosity of all the visible 
blood vessels and a very dark, bluish- 
purple color of the blood within the ves- 
sels.” He implicated “slight diffuse cere- 
bral edema, enormous dilatation of in- 
tracerebral blood vessels and large cen- 
tral vessels within the optic nerve crowd- 
ing nerve fibers within the pial coat” as 
possible factors in producing the papil- 
ledema.? 

Nevertheless it is unlikely that poly- 
cythemia is the main factor in the pro- 
duction of papilledema. The disease 
polycythemia rubra vera combines the 
presence of increased total blood vol- 
ume and increased red and white cell 
volume, yet papilledema is infrequently 
seen."' In a series of 163 cases of poly- 
cythemia vera, four cases of papilledema 
were noted by Tinney, Hall, and Giffin.’ 

Simpson" in 1948 seems to have been 
the first author to consider the role of 
changes in blood carbon dioxide concen- 
tration in the production of the papil- 
ledema seen with emphysema. He pre- 
sented three cases and demonstrated in- 
creased cerebrospinal fluid pressure in 
the two who had lumbar punctures. He 
also presented evidence to the effect that 
increased venous pressure probably is 
not of vital importance. He gave 7 per 
cent carbon dioxide and 93 per cent oxy- 
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gen through an oronasal type BLB mask 
to six patients not suffering from intra- 
cranial or vascular disease, while record- 
ing the cerebrospinal fluid pressure. In 
each case relevant rise in cerebrospinal 
fluid pressure was obtained. He suggest- 
ed in his summary that, “O. lack and 
CO, accumulation in the arterial blood 
in emphysema may produce cerebral va- 
sodilatation adequate to raise the cere- 
brospinal fluid pressure to above the 
level producing papilledema.”"* 

Earlier authors have documented the 
effect of increased blood carbon dioxide 
on the caliber of pial vessels and the 
rate of cerebrospinal fluid secretion ex- 
perimentally in animals.‘"* More re- 
cently, the use of the nitrous oxide meth- 
od of cerebral blood flow determination 
has demonstrated that increases in blood 
carbon dioxide concentration produce 
increase in cerebral blood flow in man." 
This effect is felt to be secondary to 
cerebral vasodilatation. Further evidence 
for the production of increased intra- 
cranial pressure by increased blood car- 
bon dioxide is noted by the increased 
cerebrospinal fluid pressure produced by 
inhalation of high concentration of car- 
bon dioxide and accumulation of endo- 
genous carbon dioxide in diffusion res- 
piration in dogs.'* The role of acid pH 
changes in the production of cerebro- 
vascular dilatation is not as definite as 
that of carbon dioxide.'® 

Increased blood carbon dioxide is 
probably more important in the produc- 
tion of increased intracranial pressure in 
papilledema in patients with chronic 
pulmonary disease than are polycythe- 
mia and increased venous pressure. The 
fact that treatment is directed toward 
the alleviation of all three of these forms 
of disturbed physiology makes the com- 
parative evaluation of their individual 
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importance difficult. In the case pre- 
sented here, the decrease in cerebro- 
spinal fluid pressure, decrease in papil- 
ledema, and improved sensorium co- 
incided well with the return of blood 
carbon dioxide to normal values. It 
must also be recognized that phleboto- 
my decreased the concentration of blood 
formed elements which also returned 
toward a normal value as improvement 
occurred. One must conclude that in- 
creased carbon dioxide, polycythemia, 
and increased venous pressure must be 
evaluated individually in each case of 
chronic lung disease with central nerv- 
ous system symptoms, and _ therapy 
should be so directed as to bring about 
return to the normal physiologic values 
of each. 

Stone and co-workers'® pointed out the 
part played by pulmonary infection in 
the precipitation of “decompensated res- 
piratory acidosis.” They recommended 
the use of antibiotics, expectorants, and 
bronchodilators to eliminate or prevent 
infection in the alveoli, liquefy alveolar 
secretion, and promote free expectora- 
tion. Judicial use of phlebotomy helps 
in decreasing the concentration of blood- 
formed elements and should be used at 
intervals until the hematocrit reaches a 
level of 50 to 55 per cent. 

Recently the subject of the effect of 
chronically increased blood carbon di- 
oxide concentration on the respiratory 
regulation center has come under con- 
sideration. It is postulated that chronic 
increases in blood carbon dioxide con- 
centration decrease or eliminate the sen- 
sitivity of that part of the central nerv- 
ous system responsible for respiratory 
regulation by changes in blood carbon 
dioxide. This leaves the chemoreceptors 
in the carotid arteries as the prime res- 
piratory regulators, necessitating a de- 


173 


crease in blood oxygen concentration for 
the production of respiratory stimula- 
tion. The dangers of producing an in- 
crease in blood oxygen concentration 
by oxygen therapy at a time when the 
carbon dioxide regulated respiratory 
center is not functioning have been doc- 
The promotion of ade- 
quate pulmonary lung ventilation by a 
mechanical body respirator serves to re- 
duce blood carbon dioxide concentra- 
tion during oxygen therapy without en- 
dangering the respiratory excursion or 
rate.?? 

The rationale and efficacy of carbonic 
anhydrase inhibition (Diamox) in this 
disorder has also received much recent 
attention in the literature. This drug has 
an effect on the carbon dioxide metab- 
olism of the erythrocyte as well as an 
effect on urinary excretion. One or both 
of these actions may be related to thera- 
peusis achieved.**-*5 

No discussion of papilledema and its 
association with polycythemia is com- 
plete without considering the evidence 
that hemangioblastoma of the cerebel- 
lum and even pressure in the area of the 
diencephalon may be associated with 
polycythemia. Because such lesions may 
not give other than air encephalographic 
evidence of their presence, this combi- 
nation of findings must alert the physi- 
cian to the possibility of an intracranial 
expanding lesion.**:** 


SUMMARY 


1. The pathologic changes in the lung 
produced by chronic lung disease pre- 
dispose to the production of polycythe- 
mia and respiratory acidosis. 

2. The increase in blood-formed ele- 
ments and blood carbon dioxide concen- 
tration may result in increased intracra- 
nial pressure and papilledema. 
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3. The increased intracranial pressure 


and papilledema are probably related to 
the effect of carbon dioxide on the intra- 
cranial vasculature and effect of poly- 
cythemia on the viscosity of the blood. 
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4. Therapy is directed toward reversal 


of the abnormal blood physiology. 
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Occurrence of Lipemia in Experimental 


Allergic Encephalomyelitis 


Marian W. Kies, Ph.D., Norman P. Goldstein, M.D.,° Joseph B. Murphy, M.S., 
Elizabeth Roboz, Ph.D. and Ellsworth C. Alvord, Jr., M.D. 


ALLERGIC ENCEPHALOMYELITIS is pro- 
duced experimentally in laboratory ani- 
mals by the injection of various chemical 
fractions of brain and spinal cord. This 
condition is related both clinically and 
pathologically to certain demyelinating 
diseases of humans, such as the post- 
infectious encephalitides and the en- 
cephalomyelitis which sometimes follows 
rabies and smallpox vaccinations. The 
disease is of considerable importance 
because it closely resembles certain 
spontaneous demyelinating diseases':? in 
humans for which no known etiologic 
agent has been discovered. Many ani- 
mals have been found to be susceptible 
to the disease — monkeys,* cats,* dogs,® 
guinea pigs,® rats," mice,* and rabbits.® 
The clinical course and the early stages 
of the disease as seen histologically are 
similar in all species. In the guinea pig 
the typical lesion is a vascular and peri- 
vascular inflammation. These animals 
have proved to be very satisfactory for 
study of the disease because of their 
marked susceptibility to injection of 


brain materials and because of the ab- 
sence of spontaneous encephalitis. 

Although many aspects of the disease 
have been studied, no previous reports 
have appeared on the blood chemistry 
of animals with allergic encephalomyeli- 
tis. The present report describes the re- 
sults of an investigation of serum lipids 
and proteins initiated in connection with 
a study of the encephalitogenic activity 
of various chemical fractions of brain 
and spinal cord. The most striking bio- 
chemical manifestation of the disease ob- 
served in this study has been a marked 
elevation in serum lipids in many of the 
sick animals. The relation of this lipemia 
to the disease process and the changes 
in concentration of the lipids and pro- 
teins of the abnormal sera are the sub- 
ject of this report. 


MATERIALS AND METHODS 


The guinea pigs used were adult males 
(500 to 800 gm.) of mixed color pro- 
duced by random breeding in a closed 
colony maintained at the National In- 
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stitutes of Health. After leaving the col- 
ony, they were observed for two or 
more weeks for evidence of spontaneous 
encephalomyelitis. In over a thousand 
animals tested, no spontaneous encepha- 
lomyelitis was found. 

The material used for the production 
of experimental allergic encephalomyeli- 
tis was lyophilized whole guinea pig 
brain or a glycoprotein fraction pre- 
pared from bovine spinal cord.” Prepa- 
ration of material for injection was as 
follows: 40 mg. of lyophilized brain (or 
bovine cord fraction) and 10 mg. of heat- 
killed tubercle bacilli (H37RV) were 
mixed in a glass homogenizer of the 
Elvehjem type; 2 ml. mineral oil, 1 ml. 
0.85 per cent saline containing 0.5 per 
cent phenol, and 1 ml. melted aquaphor 
were added to the tube, and the mixture 
was emulsified until the solid material 
was completely dispersed. The mixture 
was then incubated one hour at 60° C. 
Intracutaneous injections of 0.1 ml. (=1 
mg. antigen) were made with a short 
number 26 needle in the anterior neck 
region of the guinea pig. Smaller doses 
were made up by dilution of the ho- 
mogenized mixture with more of the 
adjuvant prepared in the same manner 
without antigen. The technic was modi- 
fied for large doses so that 1 ml. was 
injected subcutaneously. 

Neurologic examinations for hind leg 
weakness and ability to return to nor- 
mal stance after the animal was placed 
on its back were made two or three 
times a week. In addition, the animals 
were observed daily by the caretaker for 
gross signs of paralysis. At the end of 
30 days, or when the animals became 
acutely paralyzed and were judged to 
be near death, they were anesthetized 
by an intraperitoneal injection of Nem- 


butal and blood was obtained by heart 
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puncture. The blood was allowed to 
clot and the serum was separated by 
centrifugation. The animal was perfused 
with buffered neutral formalin,® and the 
brain and spinal cord in the vertebral 
column were removed and stored in the 
same formalin solution for subsequent 
histologic examination. The blood serum 
was stored in a refrigerator at 5°C. 
until the necessary analyses were com- 
pleted. 

Paper electrophoresis was carried out 
on 0.01 to 0.07 ml. samples subjected to 
90 to 100 volts with barbital buffer, pH 
8.6 » — 0.05, for 17 hours. Protein stain- 
ing was done according to the directions 
of Block, Durrum, and Zweig.'' Lipids 
were stained with Sudan black by 
Swahn’s method.'* Because normal 
guinea pig serum lipids are very low, 
it was necessary to use 0.07 ml. of serum 
for satisfactory staining. 

Serum lipid extracts were made by a 
modification of the Folch extraction pro- 
cedure, according to Sperry and Brand." 
The extracts were analyzed for total 
lipid, total and free cholesterol, and lipid 
phosphorus. Because several modifica- 
tions have been made, the analytic pro- 
cedure is described in detail. 

Extraction. One ml. of normal serum 
(or 0.5 ml. of visibly lipemic serum) was 
pipetted into 19 ml. of a mixture of 2 
volumes of chloroform and 1 volume of 
methanol. The solutions were left at 
room temperature for 30 minutes, shaken 
occasionally, and then filtered into 25 
ml. glass-stoppered graduates, The fil- 
trates were made up to volume by care- 
fully washing the papers with a small 
amount of the 2:1 CHCl,;-CH;OH solu- 
tion. Five ml. of water were added and 


*°8 gm. NaH,PO,.H,O, 16.7 gm. Na,HPO,.7H,O, 200 
ml. 37 per cent formaldehyde diluted to 2000 ml. with 
distilled H,O. 
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the two phases mixed thoroughly. The 
emulsion was broken by centrifugation 
for 10 minutes at 1500 r.p.m., and ali- 
quots of the lower layer were carefully 
removed for analysis by means of a 
Wintrobe pipette. From normal serum 
extracts, 3 ml. aliquots were used for 
phosphorus, free cholesterol, and total 
lipid determinations, and 2 ml. for the 
determination of total cholesterol. 
Smaller aliquots, 1 to 2 ml., sufficed for 
analyses of extracts from lipemic sera. 
The solvent was completely removed 
under a nitrogen stream at 60 to 65° C. 
Tubes for total lipid determination were 
placed in a 65° C. vacuum oven for an 
additional half-hour to remove the last 
traces of solvent. 

Total lipid. For determination of the 
total lipid Bragdon’s procedure’* was 
followed, except that 5 ml. of the di- 
chromate reagent were used and diluted 
to a final volume of 12.5 ml. The color 
was read at 580 mp in a Beckman model 
B spectrophotometer equipped with an 
adapter for 15 mm. test tubes. The “total 
lipid” values were derived from a curve 
based on cholesterol as the standard 
lipid. 

Lipid phosphorus. The phosphorus 
content of the lipid extract was deter- 
mined by a modification of the Fiske- 
Subbarow method" as follows: After 
evaporation of the solvent, the digestion 
was carried out with 10 N H.SO, and 
30 per cent H,O.. For color development 
1.25 per cent ammonium molybdate and 
0.125 per cent aminonaphtholsulfonic 
acid in a mixture of sulfite-bisulfite were 
used. The sensitivity of the method was 
enhanced by heating the tubes 10 min. 
at 100° C. immediately after the reagents 
were added. The stable color obtained 
was compared with the color of a stand- 
ard solution of KH»PO, at 660 mu. 


Cholesterol. The total and free cho- 
lesterol were determined as described 
by Zak and co-workers'® and Brown and 
co-workers.'? Free cholesterol was pre- 
cipitated as the digitonide. It was found 
that satisfactory precipitation and clari- 
fication of the solution in the free cho- 
lesterol determination required the ad- 
dition of 3 to 4 drops of 30 per cent 
AICl, prior to addition of the digitonin 
solution. 

Total protein. This was determined 
colorimetrically by the biuret method of 
Weichselbaum.'* Colorimetric readings 
were made at 540 my» in a Klett-Sum- 
merson colorimeter. Pooled normal hu- 
man serum was used for preparation of 
a standard curve, the values of which 
were obtained by micro-Kjeldahl deter- 
mination. Similar results were obtained 
with weighed amounts of pure human 
albumin.® 

Glycoprotein determination. Protein- 
bound carbohydrates were determined 
by a method based on the work of 
Badin and co-workers.'® One-tenth ml. 
of serum diluted one to three with 0.9 
per cent NaCl was added dropwise to 
10 ml. of cold absolute ethanol in a 15 
ml. centrifuge tube and left in the re- 
frigerator overnight. It was then centri- 
fuged and the precipitate washed twice 
with 80 per cent ethanol to remove all 
traces of free sugars. After the precipi- 
tate was dissolved in 1 ml. of distilled 
water, the analytical procedure was car- 
ried out as described by Roboz and co- 
workers.” 

Histologic examination. Midsagittal 
and parasagittal sections of the cere- 
brum, brainstem, and cerebellum, and 
midsagittal sections of all or most of the 


*Kindly supplied by Dr. Douglas M. Surgenor of the 
department of physical chemistry, Harvard University 
School of Medicine. 
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spinal cord were prepared and stained 
by hematoxylin and eosin. Upon subse- 
quent microscopic examination, the pres- 
ence or absence of typical meningo-en- 
cephalomyelitis was determined, as de- 
scribed by Alvord and Stevenson.*! The 
intensity of the pathologic reaction was 
graded as follows: 

+-+ Large inflammatory reactions about blood 

vessels easily seen (x30) in almost all 
microscopic fields. 

+ Similar reactions seen in several micro- 
scopic fields, or smaller reactions seen in 
many fields. 

Small inflammatory reactions seen in only 

one or a very few fields. 

? Small focal accumulations of leukocytes 
(lymphocytes and as yet poorly identi- 
fied cells) in the leptomeninges only. 

0 No abnormality seen. 


I+ 


Separate grades were given to the 
brain and spinal cord. Generally, the 
brain and spinal cord contained simi- 
larly severe inflammation, but occasion- 
ally one or the other was more strikingly 
involved. The more severe grade was 
accepted as probably correlating better 
with the clinical observations and was 
used in the assignment of a numerical 
index of the severity of the disease? as 
follows: 

Clinical Score 
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O,? +* K or D** 
Histologic OG, ? 0 0 1 
Score m4 1 2 3 
+++ 8 4 5 
— definite paralysis. 
°° K or D— severe paralysis leading to death or 


requiring terminal sacrifice before 30 days. 


RESULTS 


Data presented in the first three tables 
show a high correlation between the in- 
cidence of encephalomyelitis and of lip- 
emia in guinea pigs injected with vari- 
ous amounts of active material. The cor- 
relation between the pathologic condi- 


tion and lipemia can be demonstrated in 
two ways. All the animals studied (re- 
gardless of material injected) were rated 
on a graded response scale based on a 
combination of neurologic and histologic 
evaluations. These individual evaluations 
were then compared with the presence 
or absence of lipemia. If there were no 
pathologic symptoms (disease index= 
0), the incidence of lipemia was very 
low. As the severity of symptoms be- 
came more marked, the incidence of 
lipemia increased to 59 per cent in ani- 
mals showing maximal response to the 
injection (table 1). 

The same correlation is apparent when 
the incidence of lipemia is related to the 
dose of injected lyophilized brain (table 
2). The percentage of lipemic samples 
is based on visible lipemia and thus 
takes into account only those samples in 
which the lipid had increased more than 
two or three times the normal value. 
It is noteworthy that the abnormal blood 
condition does not require whole brain 
injection, but is produced also by a gly- 
coprotein prepared from bovine spinal 
cord!® (table 3). 

The number of animals represented in 
these tables is around 300, but at the 
present time over 1000 animals have 
been tested with various fractions and 
we have never found any deviation from 
this high correlation between the two 
conditions. Lipid analyses of sera from 
normal and abnormal animals are pre- 
sented in table 4. Because of the great 
variations observed in a given series of 
abnormal animals, the individual values 
are presented rather than an average 
value for the series. These animals re- 
ceived sufficient lyophilized brain to 
cause a maximal response to the injec- 
tion. All animals in the first group be- 
came acutely ill before the end of the 
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TABLE 1 
INCIDENCE OF LIPEMIA IN RELATION TO SEVERITY OF DISEASE REACTION 
IN ENCEPHALITIC GUINEA PIGS 


Disease Number Number of Incidence of 
Index® Examined Lipemic Sera Lipemia 
Per cent 
0 79 4 5.1 
1-2 25 6 24.0 
oad 63 18 28.6 
5 112 66 59.0 
Total 279 
*Increasing numbers indicate increasing severity of neurologic and histologic reactions. 


30-day experimental period, and all 
showed intense histologic lesions. In 
each series analytic data were obtained 
on six of the ten animals injected. In 
the first group the total lipids of all six 
animals were elevated, but only four 
would have been rated lipemic by visual 
examination. 

The cholesterol and phospholipid val- 
ues of animals 632 and 636 are within 
the normal range. In the second group 
the one animal which failed to develop 
lipemia also failed to exhibit signs of 
severe paralysis. 

The tendency for increase in phospho- 


lipid and cholesterol to lag behind the 


TABLE 2 
INCIDENCE OF LIPEMIA IN GUINEA PIGS INJECTED WITH 
LYOPHILIZED GUINEA PIG BRAIN 


total lipid rise is also illustrated in table 
5. Nine selected lipemic samples were 
compared with a normal series. The ab- 
normal samples were selected because 
of their lipemic appearance, but were 
not all from animals receiving the same 
active fraction. These animals became 
acutely ill two to three weeks after in- 
jection, and their encephalitic condition 
was verified by histologic examination. 

Although phospholipid and cholesterol 
content both increase markedly, their 
combined rise does not account for the 
total lipid increase. As a result, the ra- 
tios of phospholipid and cholesterol to 
total lipid decrease. A large part of the 


Positive 
Lyophilized Number of Clinical Histologic Disease Visible 
Brain Animals Symptoms Lesions Index® Lipemia 
(mg.) (Per cent) (Per cent) (Per cent) 
Subcutaneous injection 
55 20 100 95 4.7+0.2 69 
25 10 90 90 4.3+0.4 62 
15 10 100 — oo 55 
5 10 100 100 4.8+0.2 62 
1 10 100 100 4.8+0.2 50 
id 10 0 0 0 0 
Intracutaneous injection 
20 100 100 4.3+0.3 55 
0.1 10 100 80 3.30.6 33 
0.01 10 20 10 0.5+0.5 0 


°* Mean + standard error of the mean. 
°°Adjuvant plus tubercle bacilli but no brain. 
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TABLE 3 
INCIDENCE OF LIPEMIA IN GUINEA PIGS INJECTED WITH BOVINE 
GLYCOPROTEIN FRACTION 


Bovine Number Positive 
Cord of Clinical Histologic Disease Visible 
Glycoprotein Animals Symptoms Lesions Index® Lipema 
(mg.) (Per cent) (Per cent) (Per cent) 
Subcutaneous injection 
5 10 100 100 5 50 
2.5 10 90 100 4.1+0.5 55 
1 10 70 100 3.6+0.4 14 
0.75 10 90 70 2.8+0.7 57 
(dialyzed ) 
0.2 10 90 80 3.7+0.6 14 
Intracutaneous injection 
0.02 10 40 50 2.0+0.7 20 
0.002 10 0 0 0 0 
ha 10 0 0 0 0 


° Mean + standard error of the mean. 
*°Adjuvant and killed tubercle bacilli omitted. 


increased lipid is undoubtedly neutral 
fat. Studies are now in progress to de- 
termine whether or not some other lipid, 
not present in normal serum, occurs in 
the lipemic sera. Another change in the 
lipid partition of the abnormal samples 
is an increase in the ratio of free to total 
cholesterol. 


In addition to lipemia in the encépha- 
litic animals, changes were also found 
in the carbohydrates associated with 
serum proteins. These results are pre- 
sented in table 6. It was found that the 
total protein and protein-bound carbo- 
hydrates were significantly increased in 
lipemic sera. 


TABLE 4 
SERUM LIPID VALUES — NORMAL AND ENCEPHALOMYELITIC GUINEA PIGS 


Lyophilized Animal Disease Total Phospho- Cholesterol 
Brain Number Index Lipid lipid Total Free 
mg./ 100ml. mg./100ml. mg./100ml. 
Subcutaneous injection 
1 mg. 631 5 5,340 652 267 157 
632 5 395 77 39 13 
634 5 843 158 65 30 
636 5 843 160 81 24 
637 5 479 58 39 9 
638 5 1,535 181 66 31 
25 mg. 591 5 2,790 313 405 131 
595 5 2,790 280 183 98 
596° 3 222 39 51 _ 
597 5 932 113 64 20 
598 5 532 80 32 8 
600 5 918 125 72 26 
Normal (9 animals) ** 200.4+18.0 43.9+3.7 44.8+1.8 8.6+0.6 


* One of 2 animals in a series of 10 which did not show signs of paralysis. Both were rated ++, for the se- 


verity of histologic lesions. 
*°Mean + standard error of the mean. 
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TABLE 5 
SERUM LIPID RATIOS IN NORMAL AND LIPEMIC SERA 
——Normal—___ 
Average of Per cent Average of Per cent 
9 Values*® of Total 9 Values®* of Total 
mg./100 ml. mg./100ml. 
Total lipid 200+18.0 1,420 
( 800-2,100 ) 
Phospholipid 44+3.7 22 130 9 
(76-207 ) (8-13) 
Total cholesterol 45+1.8 23 108 8 
( 66-244 ) (5-12) 
Free cholesterol 8.6+0.6 4 42 3 
(20-76) (2-4) 
Free/total cholesterol 0.19 0.39 
(0.24-0.52 ) 
Disease index 0 4.6+0.3 


* Mean + standard error of the mean. 
°°Figures in parentheses represent the range of values 


Paper electrophoretic technic was used 
for investigating the lipid distribution in 
normal and lipemic sera. Since the lip- 
ids occur in combination with serum 
proteins, determination of the lipids in- 
volved a simultaneous study of serum 
proteins. As shown in figures 1 and 2, 
the electrophoretic pattern of guinea pig 
serum is very different from that of 
normal human serum. The alpha-1 and 
alpha-2 globulins of human serum are 
clearly separated on the paper strip and 
their relative concentrations (per cent 
of total serum protein) are low com- 
pared with the guinea pig alpha-globu- 
lin. Under our experimental conditions, 
guinea pig alpha-globulin did not sepa- 
rate readily into alpha-1 and alpha-2 


in this series. 


components. The relative concentrations 
of human beta- and gamma-globulins 
are higher than the corresponding 
guinea pig fractions. The lipoprotein 
patterns of the two sera are also differ- 
ent. In human serum the main lipopro- 
tein fraction is found in the beta-globu- 
lin region, whereas in the normal guinea 
pig the main lipoprotein fraction is in 
the alpha-globulin region. 

In the lipemic seruin the beta-lipopro- 
tein peak becomes very much exaggerat- 
ed (figure 3), and in the extreme situa- 
tion the lipid stain becomes a heavy 
black smear from the region of the alpha- 
lipoprotein back to the origin (figure 4). 
Also, in most of the lipemic samples, 
considerable lipid moves with the albu- 


TABLE 6 
SERUM LIPIDS, PROTEINS, AND GLYCOPROTEINS IN NORMAL AND 


ENCEPHALITIC GUINEA PIGS 
Number of Total Protein-bound Total 
Animals Protein® P Carbohydrate® ? Lipids 
mg./100ml. mg./100ml. mg./100 ml. 
Normal 6 4,410+126.8 128+2.5 200 
Minimal dose** 7 4,010+146.4 N.S. 121+7.8 NS. 261 
Maximal dose*** 8 5,478+366.5 <0.05 157+6.8 <0.05 2,109 


° Mean + standard error of the mean. 


°° Disease Index = 0.7 + 0.2. 


°°°All 8 animals were sacrificed because of acute paralysis before the end of the 30 day period. 
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min fraction or slightly ahead of albu- 
min. 

The lipemic serum was studied further 
by a combination of centrifugation and 
paper electrophoresis. Before centrifu- 
gation, practically all of the lipids move 
in the electrophoretic field because of 
their combination with the serum pro- 
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Fic. 2. Electrophoretic pattern of normal human serum, P=0.01 ml. 


Electrophoretic pattern of normal guinea pig serum. 
-- (0.07 ml. serum). 
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NORMAL GUINEA PIG SERUM 
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teins (figure 4). After centrifugation the 
major portion of the lipid is separated 
from the clear infranatant which con- 
tains the proteins. This lipid no longer 
moves in the electric field (figure 5). 
The speed of centrifugation (13,000 
r.p.m., 4% hours) was not sufficient to 
float the lipoproteins. Therefore, a small 
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Fic. 3. Electrophoretic pattern of lipemic guinea pig serum. P=0.01 mi. 


fraction of the lipid remains in the in- 
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franatant (figure 6). 


DISCUSSION 


Experimental results with over 300 
animals have shown a high incidence of 
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lipemia in guinea pigs with allergic en- 
cephalomyelitis. Although the role of 
the encephalomyelitic agent in this lip- 
emic condition is not yet clarified, it is 
certain that the active compound does 
not have to be lipid in nature. The fact 
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Fic. 4. Electrophoretic pattern of lipemic guinea pig serum before centrifugation. P=0.01 ml. L= 
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Fic. 5. Electrophoretic pattern of supernatant after centrifugation. P=0.02 ml. equivalent saline suspen- 


sion. L=0.02 ml. equivalent saline suspension. 


that a purified glycoprotein fraction pre- 
pared from bovine spinal cord also in- 
duces lipemia is evidence that the en- 
cephalitis and lipemia are not merely 
coincidental effects of the injection of 
whole brain. Other evidence that the 
same mechanism is responsible for both 
lipemia and encephalitis is derived from 
the fact that omission of killed tubercle 
bacilli from the injection mixture pre- 
vents the development of either patho- 
logic condition. 

The source of the high blood lipid is 
of considerable interest. The portion of 
the central nervous system most affected 
by the encephalitic process is the myelin 
sheath, which is largely lipid in compo- 
sition. It is improbable that the in- 
creased blood lipid arises from the 
breakdown of myelin, since the total 
quantity of lipid present in the brain 
is not enough to account for the marked 


increases in the serum. The brain of a 
normal 600 to 700 gm. guinea pig weighs 
somewhat less than 4 gm. and about 320 
mg. of this are lipid. If one assumes a 
blood volume of around 32 ml.,* it would 
take all of the brain lipid to increase 
the blood lipid level by 1000 mg./100 
ml., and frequently values of 5000 mg./ 
100 ml. of serum were found. Converse- 
ly, from lipid analyses of the brain of 
some of these same encephalitic guinea 
pigs, it has been found that the total 
brain lipid content was not significantly 
changed by the disease process.** 

Since the increase in serum lipid can- 
not be directly attributed to breakdown 
of the myelin sheath, other possibilities 
must be considered. Histologic examina- 
tion of organs other than the brain have 
shown no obvious abnormalities in 


*Ancill (J. Physiol. 132:469, 1956) gives a figure of 
43 to 45 ml. for a 600 to 700 gm. guinea pig. 
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guinea pigs with experimental allergic 
encephalomyelitis,** except for fatty in- 
filtration of the liver,* which would be 
expected with the high serum lipid lev- 
els observed in these animals. 

One pathologic condition known to be 
accompanied by lipemia is experimental 
allergic nephritis. The nephrotic hyper- 
lipemia is associated with a decreased 
plasma albumin,”° whereas the encepha- 
litic animals showed normal or increased 
serum protein content. There was no 
gross abnormality in the albumin com- 
ponent as determined by paper electro- 
phoresis, in contrast to the almost com- 
plete depletion of serum albumin in ne- 
phrotic animals reported by Drabkin.** 
Therefore, it is concluded that the hy- 
perlipemia reported here is unrelated to 
the nephrotic condition. 

Another pathologic condition which is 
accompanied by elevation of serum lip- 


*We are indebted to Dr. Ilona D. Sibrik of George- 
town Medical School for examining the livers of the 
lipemic animals. 


INFRANATANT 


P=0.01 ml. 


centrifugation. L=0.03 ml. 

ids is diabetes mellitus. In the few cases 
which have been examined, the blood 
sugar of the lipemic guinea pigs was 
found to be normal. 

Nervous control of fat mobilization 
and deposition has been proposed by 
several investigators. Experimental evi- 
dence has been presented by Beznak and 
Hasch*’ for changes in the fat depots in 
sympathectomized animals. Hausberg- 
er** has also observed changes in fat de- 
position following surgical denervation 
of the fat depots. The result of denerva- 
tion was increased fat deposition in the 
cells. Schrade*® concluded that regula- 
tion of lipid metabolism was under cen- 
tral nervous system control. 

It is interesting to note that work of 
Korn*® and Quigley*! has demonstrated 
an enzyme, lipoprotein lipase, in adipose 
tissue. It is possible that such an en- 
zyme could serve as an intermediary in 
the regulation of fat mobilization by the 
central nervous system. It has been sug- 
gested that the location of the lesions in 


the brain or spinal cord controls the 
presence or absence of paralysis; the 
same factor could be responsible for the 
variable occurrence of lipemia in sick 
animals. 

Even if we accept the concept of cen- 
tral nervous system control of an enzy- 
matic mechanism for liberation or de- 
position of fat, our knowledge of the 
disturbance in the central nervous sys- 
tem caused by encephalomyelitis is rath- 
er limited; therefore, no exact interpre- 
tation can be given for the relationship 
between the distribution of the lesions 
and the lipemia observed. 

Experimental encephalomyelitis is con- 
sidered to be an allergic manifestation. 
There is some evidence from the litera- 
ture that allergic conditions affect the 
concentration of the protein-bound car- 
bohydrates of serum.** Because of this, 
the increased glycoprotein content of 
these lipemic sera is of special interest. 
Weimer and co-workers*?** have ob- 
served a significant increase in the car- 
bohydrates bound to serum proteins in 
experimental tuberculosis in guinea pigs. 
In Brucella-infected rabbits, gamma- 
globulin carbohydrate was likewise in- 
creased, and the authors attributed this 
increase to antibody formation. Although 
the fraction of carbohydrate bound to 
gamma-globulin has not yet been inves- 
tigated in encephalitic guinea pigs, some 
evidence has been obtained that the in- 
jection of brain tissue plus adjuvant re- 
sults in increased gamma-globulin in 
guinea pig serum and in the spinal fluid 
of rhesus monkeys.** 

It is possible that demyelination may 
result from a defect in lipid metabolism 
rather than from a local allergic reaction. 
The brain lesion has been attributed to 
an antigen-antibody reaction occurring 
in the perivascular space following pene- 
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tration of the blood-brain barrier by cir- 
culating antibody. However, a correla- 
tion between circulating antibody titer 
and the encephalitic condition has never 
been established. The present data do 
not preclude an allergic reaction as the 
causative mechanism; they only suggest 
an alternative approach to the problem. 

It should be mentioned that Stadler 
and co-workers** have reported abnor- 
mal blood lipids in a few cases of Krab- 
be’s disease, a demyelinating condition 
of man which appears to be of genetic 
origin. It is suggested by the authors 
that the nervous system degeneration in 
Krabbe’s disease may be secondary and 
that the primary lesion may be a meta- 
bolic disorder. On the other hand; one 
of the present authors** studied the 
blood of several multiple sclerotic pa- 
tients and did not observe any signifi- 
cant changes in serum lipids. 


SUMMARY 


Investigations have been carried out 
on the blood serum of over 300 guinea 
pigs with experimental allergic encepha- 
lomyelitis. As a result of this study, a 
new manifestation of the disease, lip- 
emia, has been added to the classic syn- 
drome consisting of ascending paralysis 
leading to death and characteristic peri- 
vascular lesions in the central nervous 
system. 

A high correlation was found between 
lipemia and the severity of the disease 
as established by neurologic and histo- 
pathologic examination. About 60 per 
cent of the animals receiving maximal 
doses of whole brain or purified glyco- 
protein from bovine spinal cord devel- 
oped lipemia. Serum lipid concentration 
increased from a normal value of 200 
mg. per 100 ml. to as high as 5000 mg. 
per 100 ml. In the normal serum, phos- 
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pholipid and cholesterol account for 
about 45 per ccnt of the total lipid, 
whereas in the lipemic sera they account 
for only 20 per cent of the total lipid. 
Thus, the marked increase in total lipid 
is either increased neutral fat or neutral 
fat plus some lipid not normally present 


in 


serum. Further work on this phase 


of the problem is in progress. In lipemic 
sera, total protein and protein-bound 
carbohydrate are also elevated. 


Although the mechanism by which the 


encephalitogenic agent induces lipemia 
has not been clarified, it is certain that 
the active compound does not have to 
be lipid in nature. On the basis of posi- 
tive results with a purified glycoprotein 
fraction from bovine spinal cord, which 
induced the lipemia as well as the histo- 
pathologic changes, it has been conclud- 
ed that the two manifestations of the 
disease are related. 


The authors wish to thank Mr. D. W. Shaw of the National Institute of Mental Health for his 
skillful assistance with the animal experiments and the paper electrophoretic studies. 
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@ In all cases of spinal meningitis, rest in the recumbent position, more or less 
strictly enforced according to the urgency or leniency of the symptoms, is 
indispensable, the best position, perhaps, being not strictly on the back, but 


rather u 


n the side, and with the limbs a little lower than the back, so as to 


favour the draining away of blood from the congested parts,and at the same 
time, to facilitate the use of the local applications to the spine which may be 
necessary. Upon this point there can be little or no difference of opinion; 
upon all other points, in all probability, few will think alike. For my own 
part, I should be “ag WY to place most confidence in iodide of potassium 


and opium, with the 
to bichloride of mercury, wit 


ocal — of ice to the back in acute cases, and 
counter-irritation in one form or other to the 


spine, in chronic cases. At the same time, I am inclined to think that the pres- 
ent fashion has set very unwarrantably against the old practice of giving calo- 


mel and opium, so as to affect the gums slightly and 
local, if not general, bleeding in acute inflammatory 
think, be little doubt as to the marked influence for good of calomel and opium 
in acute inflammation of serous membranes; and it would require ec, 


and of using 
isease. There can, I 


ittle 


persuasion to induce me to prefer this mode of treatment to that by iodide of 


potassium in acute spinal meningitis. 


C. B. Radcliffe in On Diseases of the Spine and of the Nerves, 


published in 1871. 
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Gelastic Epilepsy 


David D. Daly, M.D. and Donald W. Mulder, M.D. 


THE POssIBILITY that emotion may be a 
manifestation of an epileptic seizure was 
recognized by several early writers. 
Hughlings Jackson’ wrote of “fear which 
‘comes by itself’—the symptom fear,” and 
he felt that the emotion represented an 
integral part of the seizure. Sir William 
Gowers” also commented upon emotion 
as an aura in ten of his patients. Oppen- 
heim,* in speaking of epilepsy, remarked: 
“Terror, shuddering, depression, gayety, 
rage, or recollections of some previous 
event in his life, etc., constitute the psy- 
chic aurae.” Penfield* acknowledged 
that emotion may be a part of seizures, 
but emphasized that it is always an un- 
pleasant emotion and added: “. . . other 
emotions, such as anger, joy, pleasure, 
sexual excitement, have never been re- 
ported by our patients as results of local 
cortical seizures or stimulation.” Bonnet 
and Courjon® wrote of paroxysmal feel- 
ings of anguish and of other sensations 
which are often difficult to describe, but 
none of which were pleasant. 
Manifestations of emotion during pe- 
riods of automatic behavior came to the 
attention of both Jackson® and Gowers.” 
They commented that violence and rage 
may occur during such episodes, but 
both authors regarded these as examples 
of postepileptic automatism. Jackson’ 


suggested that the behavior of patients 
in postictal automatism might be mani- 
festations of their basic personality. 
Gowers” observed: “The emotional dis- 
play is sometimes with a more cheerful 
character. One patient always laughed 
and sang for a few minutes after each 
attack of petit mal, and in another, a 
girl of 20, each slight seizure was fol- 
lowed by a paroxysm of kissing.” 

Laughter which occurs during seiz- 
ures seemingly has received little atten- 
tion in later times.* Wilson® mentioned 
“two instances of epilepsy with compul- 
sive and unrestrained laughter as an 
aura,” but gave no further details. We 
have observed two patients in whom 
laughter appeared to constitute a fixed 
part of the seizure pattern and have 
coined the term, “gelastic epilepsy,” to 
emphasize that laughter characterizes 
their attacks. 


REPORT OF CASES 
Case 1. An 11 year old boy had been sub- 


ject to seizures for three months. These would 
begin without warning. His parents noted that 
he would suddenly begin to stare, and that his 
face would flush. His head would then turn to 
the left. On several occasions, when he was 


*Since this paper was submitted for publication, Druck- 
man and Chao have reported several cases of laughter 
as an epileptic phenomenon, (Druckman, R., and Chao, 
D.: Laughter in Epilepsy. Neurology 1:26, 1957.) 


From the section of neurology, Mayo Clinic and Mayo Foundation, Rochester, Mi jt: 
Mayo Foundation is a part of the Graduate School of the Uni 


The 


Mi 
y of 


189 
' > 


Fic. 1. A discrete area of calcification in the left 
temporo-occipital region of the patient in case 1. 


standing, he would turn entirely around in a 
counter-clockwise direction. Throughout this 
time the patient would laugh. The period of 
laughter might last from half a minute to sev- 
eral minutes. After the attack the patient 
would be confused, and appeared to have diffi- 
culty in finding words. 

Results of a general physical examination 
were normal, as were the optic fundi. Neuro- 
logic examination disclosed nothing abnormal 
except for the visual fields, which were affected 
by right homonymous hemianopsia. 

Roentgenograms of the skull (figure 1) re- 
vealed a calcification in the left temporo-oc- 
cipital region; this was located just beneath the 
inner table of the skull. 

The electroencephalogram showed irregular 
slow waves and occasional fast spikes arising 
from the posterior portion of the left hemi- 
sphere. At times there were paroxysms of rhyth- 
mic, bilaterally synchronous discharges at fre- 
quencies of about four cycles per second. 

Hyperventilation consistently induced attacks, 
which could be observed in detail. The at- 
tacks began with sudden staring and unrespon- 
siveness. Flushing of the face and dilatation 
of the pupils were seen. Almost immediately 
the patient’s head turned to the left to such 
a degree that he seemed to be looking over his 
shoulder. Simultaneously, there was conjugate 
deviation of the eyes to the left. The patient 
then began to laugh in a most contagious man- 
ner. Motion pictures in sound were made of 
the attacks, and all who have seen them agree 
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that both the sound of the laughter and the 
appearance of the patient are indistinguishable 
from the appearance of a normal person in 
laughter and the sound of normal laughter. In 
the attacks which were witnessed the laughter 
lasted from 60 to 90 seconds. The adversion of 
the head and eyes was sustained throughout 
the laughter. In one attack the laughter ceased 
momentarily while the patient sighed deeply 
and said: “Oh, dear!” As the laughter ceased, 
the patient would look about, but seemed con- 
fused and dazed. Careful testing disclosed con- 
sistent postictal aphasia lasting three to four 
minutes. When the patient was shown a com- 
mon object, such as a pencil, a coin, a key, and 
the like, he would grope for the name of it 
and express annoyance by snapping his fingers 
and saying: “Oh, I know it.” Once, when he 
was shown a book of matches, he could read 
aloud the printing on the cover but he could 
not tell what the matches were. Even when he 
was unable to name an object, he could often 
tell its use. As the aphasia resolved, the pa- 
tient might approximate the name of an object, 
for example, by calling a wrist watch “a clock.” 

Surgical exploration revealed an_ infiltrating 
tumor in the left temporo-occipital region. The 
histopathologic diagnosis was mixed oligoepen- 
dymoma. 

Case 2. A 36 year old man had been subject 
to seizures for two years. The episodes would 
begin abruptly without warning. He had been 
told that he would stare and stop whatever he 
was doing. In some of the attacks he talked 
incoherently, saying such things as “We'll have 
to give it another test.” In other attacks he did 
not speak. He would walk about, and during 
this time he would laugh. 

The history was unremarkable except that, at 
the age of 14 years, he had been unconscious 
for several hours. The details of this incident 
were not known, nor was a cause for it ever 
determined. 

A roentgenogram of the skull disclosed no 
abnormality. The electroencephalogram made 
while the patient was awake was low voltage 
in type. Infrequently, there were occasional 
discharges consisting of moderate voltage, 
rhythmic, six cycle per second waves. These 
appeared synchronously in both temporal re- 
gions. Another recording was made when the 
patient was asleep. At a depth of sleep which 
produced spindles in the tracing, random, ir- 
regular slow waves developed in the left tem- 
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poral region. Some of these slow waves had 
steep fronts. Rarely, sharp wave discharges oc- 
curred, intermixed with the slow waves. 

Activation was carried out by the intra- 
venous administration of 50 mg. of pentylene- 
tetrazol (Metrazol) per minute. No effects 
were noted until 300 mg. had been adminis- 
tered. At this point, the patient was observed 
to begin smiling and then to laugh aloud. He 
opened his eyes, but would not respond. He 
laughed for about 90 seconds. During this time 
he spoke incoherently, saying that his name was 
“Eccles,” which, in fact, it was not. Toward 
the end of the period the patient would re- 
spond to questions, but was disoriented. The 
confusion subsided rapidly and he appeared to 
be himself. The electroencephalogram during 
the seizure showed no evidence of focal dis- 
charge at the onset of the attack. A few sec- 
onds after the onset there was generalized, 
rhythmic, five cycle per second discharge, and 
then most of the recording became obscured by 
movement artifacts. 


COMMENT 


The observation of laughter during 
seizures in these two patients raises sev- 
eral points of interest. First, we may ask 
whether there is any cortical area, the 
functioning of which is associated with 
affect; that is to say, whether there is a 
specific cortical region which may con- 
stitute the anatomic substrate of emo- 
tion. Jackson’ drew attention to the as- 
sociation of fear with epigastric sensa- 
tion as the aura to an epileptic attack. 
However, he did not implicate any spe- 
cific anatomic area as being involved in 
seizures associated with affect. Our 
studies of patients with epigastric auras, 
as well as other visceral sensations, have 
led us to conclude that they arise from 
foci situated either in the frontotemporal 
region, including the insula, or from an- 
other area on the mesial parasagittal sur- 
face of the frontal lobe. We, too, ob- 
served that changes of mood often were 
accompaniments of seizures with abdom- 
inal manifestations. It will be noted that 


the anatomic areas mentioned constitute, 
so to speak, the poles of what has been 
termed the “limbic system” or “visceral 
brain.” In recent years increasing atten- 
tion has been devoted to this system, 
particularly by MacLean.’° He sum- 
marized data based largely on animal 
studies, supporting the view that the 
limbic system is the major cortical area 
involved in the expression of affective 
behavior. These data need not be re- 
viewed again now, but it is of interest 
to note that MacLean, by stimulation of 
the hippocampal area in animals, was 
able to produce “rapt attention or fear- 
ful alerting.” 

Most authors have emphasized that 
the emotions occurring as warnings of 
minor attacks are unpleasant. In our 
experience this is frequently, but not in- 
variably, the case. In a previous study"! 
we have commented that the aura to the 
attack, if it is affective in character, may 
be pleasant. Subsequent experience has 
confirmed this observation. Indeed, hav- 
ing learned to question patients care- 
fully about such a contingency, we have 
encountered a number in whom a pleas- 
ant emotion constitutes a part of the 
early phase of the seizure. Therefore, 
in these two patients, the occurrence of 
laughter further confirms and extends 
these views. 

An additional question arises: Is the 
laughter of these patients ictal, or is it 
possibly no more than a postictal autom- 
atism? We can supply no direct answer, 
since both patients were amnesic for 
the period of laughter. The problem of 
whether complex behavior for which the 
patient is amnesic constitutes an ictal 
or a postictal phenomenon is not new. 
Penfield and Jasper,’* after an extended 
review of all their experience, both with 
focal seizures and the results of cortical 
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stimulation, concluded that automatic 
behavior may be ictal in character. We 
incline to the same conclusion with re- 
gard to our patients. In the second pa- 
tient, the first clinical manifestation of 
the seizure was a smile which changed 
to laughter. In the first patient, the 
attack, clinically, was under way for a 
few seconds before laughter began. 
However, in this patient the laughter 
was associated with conjugate deviation 
of the eyes and adversion of the head. 
This was sustained throughout the pe- 
riod of laughter, suggesting continuing 
epileptic discharge in an eye-turning 
field. The evidence therefore would sug- 
gest that the laughter represented an 
ictal phenomenon. It has been suggest- 
ed that the laughter in the first patient 
may represent a response to a visual or 
auditory hallucination, and that the head 
turning also was a manifestation of this. 
We regard this as an unlikely explana- 
tion, since one would anticipate that any 
visual hallucinations would find repre- 
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ant, may be manifestations of epileptic 
discharge within the temporal region. 


SUMMARY 


Two patients are described in whom 
laughter was a prominent part of focal 
seizures. The implications of these ob- 
servations are discussed. 
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Variations in Consciousness Produced 


by Stimulating Reticular Formation 
of the Monkey 


Lorne D. Proctor, M.D., Robert S. Knighton, M.D. and John A. Churchill, M.D. 


SINCE THE EARLY WORK of Magoun and 
Moruzzi! and others, attention has been 
focused on the reticular formation in the 
central nervous system. Recently it has 
been speculated, and some evidence ob- 
tained,” that this diffuse system is in- 
volved in maintaining the conscious state 
of the organism. During the past 15 
years, one of the authors has been in- 
terested in the variations in conscious- 
ness which fall in the borderline epilep- 
tic states,** and another of the authors 
has observed the results of thalamic 
stimulation in cats.5 We felt it would be 
of interest to determine if variations in 
consciousness could be produced by 
stimulation of various areas in the retic- 
ular formation. The Macaca mulatta was 
chosen as the experimenta! animal with 
this in mind. It is noteworthy that, in 
making observations on variations in 
consciousness, the experimental animal 
must be completely free from the effects 
of sedation of any kind. 


METHOD 


Monkeys approximately six months 
old were conditioned in the primate col- 


ony for four to six weeks to allow them 
to adapt to the handling necessary for 
psychometric testing. At the end of the 
period of adaptation, the animals were 
subjected to psychometric tests®* as de- 
scribed later, and continued on daily 
testing six days a week until they 
reached a plateau of performance that 
did not vary significantly for a period 
of two to three weeks. 

A crucial aspect of this experiment is 
the measure of the “state of conscious- 
ness” at any time. This state is inferred 
from a monkey's performance on a prob- 
lem which has a known chance score. 
For example, in a situation where three 
choices are possible and only one choice 
is considered correct, any monkey has 
one chance in three of responding cor- 
rectly. Thus, for a series of 16 problems, 
the chance score would be four. The 
number of correct responses over and 
above this chance score is considered 
due to the monkey's learned response. 
The number of responses must be great 
enough to prove statistical significance. 
We considered nine correct responses 
out of a series of 12 presentations in- 
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dicative of the animal having “learned” 
the problem, since a score as high as this 
would be expected to occur by chance 
only one time in a hundred. 

Prior to electrode placement and stim- 
ulation, the animal was taught the solu- 
tion to a problem which involved the 
recognition of an unmatched object from 
a group of three objects For any group 
of 12 trials, two pairs of objects were 
used. For any given trial, the animal 
was presented with a tray on which were 
three objects. Two of these objects were 
similar, and the third, or odd, object 
covered an indentation in the tray in 
which was placed a piece of food, the 
reward for a correct response. The mon- 
key must learn under which object the 
food is placed and to move that object 
to receive the reward. Seventy-two dif- 
ferent types of objects were used. The 
odd object was placed in either of two 
positions, on the extreme right or left of 
the tray. The center position was always 
occupied by one of the similar objects. 
The position, right or left of the odd ob- 
ject, was also randomly predetermined. 
Thus, on a given trial, any one of two 
objects could be the rewarded object, 
and it could be either to the right or left. 
This method of presentation eliminated 
the possibility that the monkey learned 
a sequence of responses rather than the 
response to the odd object for only one 
trial. In other words, the animals learned 
to select the odd object rather than a 
certain position, such as right, or a pat- 
tern of positions, such as right, right, 
left, left. It should be noted here that 
a complete reduplication of a given 
group of 12 trials could occur after about 
71 other groups of 12 were presented to 
the animal. This insured that the monkey 
learned to respond to the odd object 
rather than to any specific object. 


The oddity problem described was 
used as a measure of the level of con- 
sciousness for only the last three mon- 
keys tested. Prior to that time, the level 
was measured by a simpler problem, dis- 
crimination. In this test the animal was 
presented with only two different ob- 
jects. The reward was always located 
under the same object. During a given 
series of 12 trials, the reward object was 
always the same and only its position on 
the right or left was manipulated. The 
positions were randomly predetermined. 
A reduplication series occurred only 
after the monkey performed in 35 other 
series with different objects. 

The electrodes used were developed 
following correspondence with Dr. Del- 
gado and consultation with Dr. Jasper. 
We have found that, for accurate place- 


Fic. 1. The electrode. 
Fic. 2. The connection between the electrode lead 
and metal jack. 

Fic. 3. Coronal section of brain of monkey 6 
with electrode in position. 
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Fic. 4. Photomacrograph of midbrain, showing electrode tract. 


Fic. 5. 
the large motor-like cells of the red nucleus. 


ment using the Horsley-Clark technic, 
a fine glass core approximately 0.7 mm. 
in diameter was the most satisfactory 
means of obtaining the necessary rigid- 
ity. For the final electrodes, four strands 
of enameled No. 50 stainless steel wire 
were wound about this core and the 
whole dipped in Tygon paint No. K-13. 
After drying and baking for 30 minutes 
at 300° F., the tips of the four wires were 
scraped clean, having arranged the posi- 
tion of the first three tips 2 to 7 mm. 
apart, the first tip being placed near the 
tip of the glass core. The fourth tip was 
placed at least 20 mm. from the first. 
The electrodes were tested for resistance 
and electrical leaks in a physiologic nor- 
mal saline solution and were discarded 


Photomicrograph of midbrain of monkey 6, showing needle tract to the right in the picture and 


if the resistance between any two elec- 
trodes in this solution exceeded 50,000 
ohms or electrical leaks were present. 
The usual interelectrode resistance was 
25,000 to 35,000 ohms. Ionization effects 
were controlled by frequent change of 
polarity. The electrode was sterilized by 
immersion for 30 minutes in 1/1000 solu- 
tion of Zephiran. While the animal was 
under ether anesthesia, placement of the 
electrode was made through a burr hole, 
the position for which was indicated by 
the stereotaxic system. The burr hole 
was threaded to take a threaded lucite 
button which was drilled for four small 
metal jacks. These jacks consisted of 2 
mm. of No, 24 stainless steel hypodermic 
needle barrel. The electrode and posi- 
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tions of the jacks in the lucite button are 
shown in figures 1 and 2. The center of 
the lucite button was drilled to allow the 
leads from the four electrodes to emerge. 
After removal of the enamel, the cleaned 
end of each wire was placed in its ap- 
propriate hole and the metal jack was 
driven in to jam it between the metal 
sides of the jack and the lucite walls of 
the jack hole. Connections were made 
to these jacks by means of 5 mm. sec- 
tions of No. 25 stainless steel hypoder- 
mic needle barrel which were welded 
to electroencephalograph electrode lead 
wires. The usual resistance between 
electrodes 3 to 4 mm. apart in the brain 
substance of our monkeys was 45,000 
ohms. 

Placements of the electrodes were con- 
firmed by microscopic examination fol- 
lowing postmortem sectioning of the 
brains. Figure 3 is a photograph of 
the coronal section of the brain of mon- 
key 6 at the level of the mesencephalon, 
showing the electrode in situ. Figure 4 
is a photomacrograph of the midbrain 
area about the electrodes, and figure 5 
is a photomicrograph of the area adja- 
cent to electrode 1 and shows the large 
motor-like cells found in the magno cel- 
lular portion of the red nucleus. One or 
more electrodes in monkeys 3, 5, 6, and 
8 were in the mesencephalic area. In 
monkey 4 the placement was near the 
medium raphe of the pons, and in mon- 
key 7 the placement was in the region 
of the anterior hypothalamic nucleus. 
The exact locations of the electrodes in 
the six monkeys are shown diagram- 
matically in figure 6. 

Anatomically the reticular formation 
is not sharply defined.’ There is general 
agreement, however, that the system ex- 
tends from medulla through the pons 
and mesencephalon, and it seems that 
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areas in the thalamus and hypothalamus 
are at least functionally related if not an 
integral part of it. With this concept of 
the reticular formation, it is evident from 
our anatomic examinations that at least 
one of each set of electrodes was in, or 
bordering on, some portion of this retic- 
ular formation. 

The electrodes having been placed, 
the monkey was tested psychometrically 
48 hours after this procedure to deter- 
mine if it continued to perform at its 
previous plateau. The next day a pseudo- 
stimulus (no actual electrical impulse) 
was given as a control measure and the 
psychometric tests were repeated. When 
the animal showed no change from his 
previous psychometric plateau, bona fide 
stimuli were given according to the vari- 
ous parameters noted in our table of 
observations. The Grass stimulator No. 
S4B was used in all experiments and 
a monophasic square top impulse was 
employed. Electroencephalograms were 
obtained before and approximately 48 
hours after the placement of the elec- 
trodes and on several other occasions 
before the animal was sacrificed. At- 
tempts were made to obtain an electro- 
encephalographic recording from both 
depth and scalp electrodes immediately 
following stimulation, but blocking 
proved an insurmountable complication. 
Thirteen electroencephalograms were 
obtained from six monkeys in which 
electrodes were implanted within the 
brain. The animals were not under the 
influence of anesthetics or sedatives; 
they were awake in a quiet, dark room. 
Recordings between scalp electrodes 
placed on the occipital regions during 
quiescent periods revealed nine to 11 
per second waves, with amplitudes vary- 
ing between 20 and 60 mevs. Scattered 
15 to 25 per second waves were seen fre- 
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MONKEY # 


Fic. 6. Diagram of electrode pl t. A—aqueduct; AC—anterior issura; AHN—anterior hypo- 
thalamic nucleus; BA—basilar artery; BP—basis pedunculi; CC—corpus callosum; CG—central gray mat- 
ter; CP—cerebral peduncle; [C— inferior colliculus; LG—lateral geniculate body; MESNV—mesencephalic 
trigeminal nucleus; MFB—median forebrain bundle; MG—medial geniculate body; OCN—oculomotor 
nucleus; OT—optic tract; PC—posterior commissura; PUL—pulvinar of thalamus; RN—red nucleus; 
RTN—reticular tegmental nucleus; SC—superior lliculus; SRM bstantia reticular =mesencephali; 
SN—substantia nigra; III V.—third ventricle; IV V.—fourth ventricle. 


quently, and low amplitude rapid fre- frontal and temporal regions appeared 
quency activity was observed, but it was _ to be less well regulated and it consisted 
‘ difficult to discriminate this from extra- of a conspicuous number of scattered 
neous potential sources. Activity from three to six per second waves. 
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Depth-to-depth recordings obtained 
from two monkeys on three occasions, 
the electrode points being 2 mm. or 
more apart, revealed patterns of waves 
of varying amplitudes and durations, of 
which rhythmic six to nine per second 
waves were most conspicuous. Superim- 
posed upon these waves were seen con- 
tinuous low amplitude rapid (20 to 25 
per second) waves. In general, ampli- 
tudes recorded exceeded scalp to scalp 
recordings obtained at the same time. 
Occasionally brief episodes of ten per 
second waves were seen. It was noted 
that tracings derived from depth-to-scalp 
electrodes revealed higher amplitude ac- 
MPT FRONTAL -OfPTH@ 


LEFT FRONTAL ~ DEPTH © 


tivity than did scalp-to-scalp or depth- 
to-depth recordings, amplitudes as high 
at 300 mcevs. being obtained from depth- 
to-scalp electrodes. Rhythmic activity 
derived from depth electrodes appeared 
to be readily desynchronized to low am- 
plitude rapid activity (25+ per second), 
with similar changes occurring simulta- 
neously at the scalp electrodes when the 
animal was irritated (figure 7). 

In one electroencephalogram obtained 
during a spontaneous tonic seizure in 
monkey 3, frequent high amplitude (300 
mevs.) repetitive sharp spike discharges 
were observed in recordings obtained 
from the depth electrodes and also from 
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Fic. 7. Electroencephalographic record of monkey 


4, showing the low amplitude, high frequency activity 


from channel 5 (interdepth electrodes) and slow-wave, high amplitude activity in depth and _ scalp 


electrodes. 


Fic. 8. Electroencephalographic record of monkey 3 taken during spontaneous tonic convulsion. The 
high amplitude spike discharge is not reflected at the cortex. 
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depth-to-surface electrodes, but not from 
any scalp-to-scalp placements (the sur- 
face placements being left frontal to left 
occipital, right frontal to right occipital, 
left occipital to right occipital, left fron- 
tal to right frontal). It was observed 
from phase and amplitude relationships 
that the discharges arose closest to a 
depth electrode later found to lie in the 
mesencephalic reticular formation at the 
level of the lateral geniculate body (fig- 
ure 8). It is suggested that the descend- 
ing reticular formation alone was in- 
volved in this discharge. 


OBSERVATIONS 


Our observations are summarized in 
tables 1 and 2. Interelectrode stimula- 
tion was used in all animals except mon- 
key 3. It should be noted that monkeys 
3, 5, and 7 were tested with parameters 
of stimuli which produced motor com- 
ponents in their response. However, ex- 
cept for our first monkey in this series 
(monkey 3), the stimuli were varied 
until no motor response occurred, and 
thus a motor dysfunction was probably 
not a contributing factor to impairment 
of function in the performance of the 
psychometric tests. Monkey 4 was sub- 
jected to a control stimulus, using a lip 
electrode to either parietal or occipital 
scalp electrodes to observe the effect on 
performance of the unpleasant sensation 
and local twitching. The animal’s psy- 
chometric performance was unchanged 
from the pre-stimulus performance. Thus 
any local sensory component on stimu- 
lation apparently had no significant ef- 
fect on the psychometric performance 
of the animal. In the first four animals 
(monkeys 3, 4, 5, and 6) the psycho- 
metric tests were done immediately fol- 
lowing the stimulus period. It will be 
seen that the response, measured either 
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quired to complete the identical test 
done prestimulus, demonstrated a sig- 
nificant impairment of the psychometric 
performance. Monkey 5 also demonstrat- 
ed the production of panic when the 
voltage was increased beyond 0.60. At 
0.65 volts, panic first appeared, and ex- 
treme panic was evident on increasing 
the voltage to 0.90. Monkey 6 unfortu- 
nately developed an acute enteritis after 
the arrival of two new animals to our 
colony. We feel, however, that the pro- 
duction of yawning and sleep by inter- 
electrode stimulation on five separate 
occasions and the ability to awaken the 
animal by merely increasing the stimu- 
lation by raising the voltage from 0.2 
to 0.4 are worthy of note. The electrodes 
in this animal were located in the retic- 
ular formation adjacent to the lateral 
limit of the red nucleus, an area where 
degenerative changes have been report- 
ed in human patients having suffered 
from encephalitis lethargica.” Monkeys 
7 and 8 have provided the most impres- 
sive results, since we decided to observe 
the psychometric response during stimu- 
lation in these animals. The animals 
were presented with the first choice 
within two seconds of commencing the 
stimulation and were allowed three sec- 
onds to make a selection. This proved 
to be a very practical test program, and 
control tests showed that the animals 
performed at their normal efficiency 
after at least 48 selections. An extinction 
test done on monkey 8 revealed that 42 
trials (with no reward) over a period 
of 45 minutes were required to bring 
about extinction of this animal’s learned 
response. Thus, the learned response was 
adequately maintained for our test pe- 
riods. 

Monkey 7 provided a means of assess- 
ing the critical features of the stimuli 
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by correct responses or by total time re- 
parameters as noted in table 2. Fre- 
quencies below 250 cps., delays above 
0.2 seconds, and voltages above 1.0 in- 
creased the motor components in the 
animal's response. The use of four elec- 
trodes in the last two animals, with spac- 
ing 2 to 5 mm. apart for the first three 
electrodes and 20 mm. or more between 
electrodes 3 and 4, allowed assessment 
of the specificity of our response in 
terms of area of brain stimulated. Mon- 
key 7 showed no significant impairment 
on stimulation between electrodes 2 and 
3, and electrodes 3 and 4, using the same 
stimuli that reduced the animal's per- 
formance as low as 0 per cent when 
applied between electrodes 1 and 2. 
Stimulation between electrodes 1 and 3 
gave an intermediate impairment of psy- 
chometric function (67 per cent of pre- 
stimulus correct response). This would 
indicate localization of the area giving 
maximum impairment of psychometric 
response to approximately 4 mm. (at 
least in vertical diameter) in the region 
of the anterior hypothalamic nuclei. We 
were unable to await complete psycho- 
metric plateauing of monkey 8, so that 
his prestimulus response varied between 
60 and 90 per cent correct. With this 
feature in mind, however, there was no 
significant impairment of psychometric 
response on stimulating between elec- 
trodes 1 and 4, or 1 and 3, but the iden- 
tical stimulus between electrodes 1 and 
2 produced as low as 0 per cent of cor- 
rect responses, and between electrodes 
2 and 3, 20 per cent correct responses. 
In this animal the localization of the 
area giving maximum impairment of 
psychometric response was approximate- 
ly 7 mm. (at least in the vertical diam- 
eter) in the region of the mesencephalic 
reticular formation at a level between 
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the lateral and medial geniculate bodies. 
Incidentally electrode 4 in monkey 7 was 
located 23 mm. above electrode 1 and 
was in the white matter just below the 
posterior frontal lobe cortex adjacent to 
the superior sagittal sinus. Electrode 4 
in monkey 8 was located 20 mm. above 
electrode 1 and was in the mesial pa- 
rietal cortex. 


DISCUSSION 


Attention was drawn to the reticular 
formation when it was observed by 
chance that direct stimulation of this 
formation in the brainstem induced 
changes in the electroencephalogram 
similar to those observed on awakening 
from sleep, that is, activation, desyn- 
chronization, electroencephalographic 
arousal, and blocking reaction.' The re- 
gion of the brainstem from which elec- 
troencephalographic arousal could be in- 
duced included the reticular formation 
and tegmentum of the lower brainstem, 
as well as the diencephalon and the sub- 
thalamus, together with the dorsal hypo- 
thalamus and ventromedial thalamus. 

Hunter and Jasper'’ have reported 
“arrest phenomena” on stimulating the 
intralaminar system of the thalamus. 
This arrest phenomenon appears similar 
but not identical to the changes in con- 
sciousness we have observed in our ani- 
mals. With the parameters of stimula- 
tion we used, the animals did not be- 
come “frozen,” as reported by Hunter 
and Jasper, but rather appeared unable 
to perform a learned task. They could 
move about and eat food when it was 
placed in their mouths during stimula- 
tion. This type of response was obtained 
on stimulation over a wide area of the 
reticular system (from the anterior hy- 
pothalamic nucleus area to the reticular 
area in the pons). Knott and Ingram" 
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have reported a similar phenomenon on 
stimulation of either the intralaminar or 
anterior hypothalamic regions in the cat. 
Jasper’? points out that the ascending 
reticular system may have an inhibitory 
component as well as an arousal or ac- 
tivating one, as he has shown that micro- 
electrode stimulation of this system may 
cause an increase in the number and fre- 
quency of unit cell firing in the cortex, 
as in normal awakening or arousal. Stim- 
ulation of parts of the mesodiencephalic 
portions of the reticular system may, how- 
ever, cause an arrest of unit discharge. 
The critical features of parameters of 
stimuli and the need to localize stimula- 
tion to within a 3 to 7 mm. area to ob- 
tain significant psychometric impairment 
lend credence to the specificity of re- 
sponse to stimulation of discrete areas 


IN CONSCIOUSNESS 


203 


of the reticular formation. 

It is interesting to note in monkey 6 
that stimulation at a voltage of 0.2 in 
the mesencephalic reticular formation 
produced yawning and sleep, and that 
the animal could be awakened by simply 
increasing the stimulus voltage to 0.4. 
Are two different systems within the re- 
ticular formation involved in this case? 


CONCLUSION 


Stimulation of various areas in the 
reticular formation of the macaca mu- 
latta produced a change in behavior 
which we infer is due to a change in 
the state of consciousness. We believe 
such a change in consciousness is not 
dissimilar to that seen in humans experi- 
encing an epileptic episode of either the 
petit mal or a psychomotor variant type. 


We are indebted to Professor Harry Harlow of the department of psychology, University of Wis- 
consin, who kindly arranged the training of our experimental psychologist. 

We wish to express our appreciation to Dr. Jose Bebin of the University of Michigan for his 
assistance in confirming electrode placement by microscopic examination of brain sections. We are 
also indebted to Mr. Gordon wd, senior electroencephalograph technician, and Mr. Jerome 
Lukaszewski, experimental psychologist, of the Henry Ford Hospital for their assistance in this 


project. 
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Cerebroautonomic and M yographic 


Changes Accompanying Induced Seizures 


Jack M. Mosier, M.D., Philip White, M.D., Phyllis Grant, M.D., 
John E. Fisher, M.D. and Richard Taylor, M.D. 


MUSCLE AND MOVEMENT ARTIFACTS have 
limited considerably the usefulness of 
the electroencephalogram as a diagnos- 
tic tool. This is especially true with 
activation procedures. The outstanding 
success of succinylcholine as a myoneu- 
ral blocking agent in electroconvulsant 
therapy’ suggested that this drug might 
be useful in electroencephalographic 
procedures. Pilot studies indicated that 
this may be a useful adjunct to the elec- 
troencephalographic laboratory. It also 
became obvious that this procedure 
would facilitate physiologic correlations 
of seizure activity, which is the basis of 
this report. 


METHOD 


The procedure evolved is as follows: 
1) Atropine sulfate 0.4 mg. is adminis- 
tered intramuscularly one-half hour prior 
to the activations. 2) The patient is 
prepared with electrocardiograph leads 
from both wrists and an electromyo- 
graph lead to the left foot, with a needle 
electrode in the first interphalangeal 
space. A blood pressure cuff above the 
ankle is inflated to 250 to 300 mm. of 
mercury to prevent a myoneural block. 


3) Succinylcholine in a 0.2 per cent so- 
lution is constantly dripped by vein to 
maintain clinical and electroencephalo- 
graphic evidence of muscle paralysis. 
4) Positive pressure 100 per cent oxygen 
inhalations are given concomitantly with 
succinylcholine drip. 5) Metrazol, 0.5 
mg./kg. body weight/cc., is given into 
the succinylcholine tubing every 30 sec- 
onds near the needle until 20 cc. have 
been given. If no seizure occurs, Met- 
razol is given at the rate of 100 mg. 
every 30 seconds until one is produced. 
6) Blood pressure is taken from the an- 
tecubital fossa in the standard way at 
30-second intervals and recorded on the 
electroencephalogram by the technician. 
7) As soon as the seizure ceases electri- 
cally, the succinylcholine drip is stopped 
and the patient is allowed to recover. 
The patient is completely conscious 
until the seizure and can respond to 
questions by moving his left foot and 
toes. Initially, there is usually a mild 
rise in blood pressure; then the patient 
becomes accustomed to the mechanical 
breathing and his blood pressute and 
pulse rate stabilize. Some patients who 
receive excessive amounts of Metrazol 
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CEREBROAUTONOMIC CHANGES IN SEIZURES 


Fic. 1. Concomitant electromyographic and pulse changes associated with various phases of a generalized 
seizure. A, before seizure. B, onset of seizure. C, tonic phase. D, clonic phase. 


(500 to 1,000 mg. or more) develop anx- 
iety, increase in electroencephalographic 
amplitude, usually a tachycardia, and 
some further elevation of blood pressure. 
These occur shortly before a generalized 


seizure and are non-diagnostic, repre- 
senting a Metrazol effect. These phe- 
nomena are somewhat unpleasant to the 
patients, who tell later of having felt 
dizzy, frightened, and having had other 
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indescribable unpleasant sensations. Ap- 
proximately 65 per cent of the patients 
expressed a dislike of the procedure and 
a few definitely stated that they will not 
have it repeated. 


RESULTS 


A group of 41 patients (17 female and 
24 male), ranging in age from 19 to 69, 
were studied. Clinically they were clas- 
sified as idiopathic grand mal — 5, psy- 
chomotor epilepsy — 19, focal convulsive 
disorder — 15, and nonepileptic — 2. 

The amount of Metrazol needed to 
produce a seizure by this method is ap- 
proximately the same as with routine 
Metrazol activations and varied from 23 
mg. to 2,453 mg. However, there are 
marked variations in the quantity of 
Metrazol needed to produce seizures on 
different days in a given patient. 

As an average, we used 652 mg. of 
succinylcholine per patient, varying from 
50 to 2,050 mg. In three patients, seiz- 
ures were terminated with intravenous 
sodium Amobarbital 500 mg. because 
of their long duration (over 30 min- 
utes ). In these instances, respiratory de- 
pression lasted two to three and a half 
hours. All three developed mild pulmo- 
nary changes evidenced by fine and 
coarse moist rales. One of these devel- 
oped an acute anteroseptal myocardial 
infarction during the procedure, with an 
uneventful recovery. Otherwise, there 
were no adverse side effects. 

The duration of seizures with this 
method is longer than in spontaneous or 
otherwise induced seizures in the same 
patients. Presumably this is because of 
the ready availability of cerebral oxy- 
gen. This is in conformity with Gell- 
horn’s studies.* The duration of the seiz- 
ures was from 1’ 10” to 63’ 40”, and the 
majority lasted less than five minutes. 
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Several seizure patterns are clearly 
seen by the succinylcholine and Metra- 
zol technic. If a grand mal type of elec- 
troencephalographic pattern appears, the 
non-blockaded foot becomes tonic clin- 
ically, and the electromyogram shows 
repetitive, irregular, continuous 18 to 30 
cps. oscillations, increasing in amplitude 
over a three to five second period. Simul- 
taneously, there is a marked acceleration 
in pulse rate of from 50 per cent to 150 
per cent over a ten second interval (one 
patient developed a sinus tachycardia of 
192) (figure 1). Both the systolic and 
the diastolic pressures increase from 50 
per cent to 100 per cent concomitantly 
(figure 2). There is a gradual decrease 
in hypertension and a gradual slowing 
of pulse rate (though still much faster 
than during the non-seizure period). 
The electromyograph usually ceases re- 
cording muscle activity from the foot 
ten to 20 seconds before the seizure ac- 
tivity stops. The electroencephalogram 
shows almost complete sudden extinc- 
tion (figure 3). With the extinction, 
there occurs rapid slowing of pulse rate 
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Fic. 2. Blood pressure changes associated with a 
generalized seizure. 
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Fic. 3. The electroencephalographic, elect di 


the end of a generalized seizure. 


and rapid drop in blood pressure to pre- 
seizure values. In two patients who had 
spontaneous seizures while receiving 
succinylcholine but prior to the injec- 
tion of Metrazol, the same events oc- 
curred. 

The changes in blood pressure, pulse 
rate, and cardiac rhythm associated with 


convulsions either from Metrazol-induced 
seizures or electroconvulsant therapy are 
well known.‘ Lewis, Richardson, and 
Gehagen? concluded that the cardiovas- 
cular responses associated with electro- 
convulsant therapy were central in ori- 
gin, but did not specify whether or not 
they were due to electrotherapy. Phiz- 
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ackerley and co-workers® indicated that 
objective evidence of cardiac dysrhyth- 
mias in a clearly established epileptic 
setting is rare. Wilson’ mentioned that 
cardiac arrest can occur during sponta- 
neous seizures. Jasper and Erickson‘ 
noted that a change in cerebral circula- 
tion never preceded, but always fol- 
lowed, excessive neuronal discharge. 

In nine of the 41 patients, the electro- 
cardiogram demonstrated cardiac ar- 
rhythmias. These consisted of auricular 
and ventricular premature contractions, 
short runs of bigeminy, ventricular 
tachycardia, and also short runs of bi- 
directional ventricular tachycardia (fig- 
ure 4). The arrhythmia tended to occur 
during the clonic phase and ceased spon- 
taneously in 30 to 50 seconds. Three pa- 
tients with arrhythmia were retested and 
each showed a repetition of his previous 
response. In the generalized seizures the 
arrhythmias reverted to a sinus tachy- 
cardia before the extinction of electrical 
seizure activity. 

The electroencephalograms showed 17 
focal seizure patterns, mostly temporal 
in origin, but no cardiovascular changes 
were recorded until the patient pro- 
gressed into a generalized seizure. Two 
psychomotor epileptics never developed 
generalized seizures and did not exhibit 
cardiovascular alterations. 

Eighteen patients showed only gener- 
alized seizure activity, with the already- 
described cardiovascular changes. 

_ Six of the patients developed diffuse, 
random two to four per second slow 
waves; these gradually appeared and 
gradually disappeared over three to four 
minute intervals. By inspection of the 
tracings, it was impossible to determine 
where this type of seizure started and 
where it ended. Cardiovascular and 
electromyographic changes were incon- 
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stant in this group. These patients with 
spontaneous or induced seizures dis- 
played only alterations in consciousness, 
disturbance in memory, very slow men- 
tation, and only occasional random 
movements. 

Excessive salivation was the most 
troublesome autonomic manifestation 
that occurred during seizure activity; 
atropine minimizes this. In addition, 
piloerection, flushing, and perspiration 
were seen occasionally. Involuntary uri- 
nation and/or ejaculation occurred in 
about half the patients toward the end 
of a generalized seizure. In one patient, 
hippus was observed during the clonic 
phase in rhythm with the clonus of the 
foot. The clonus stopped one minute 
and 40 seconds before the hippus ceased, 
whereas the latter stopped two seconds 
prior to electroencephalographic extinc- 
tion. 


DISCUSSION 


The extinction of electrical activity 
signaling the end of a generalized seiz- 
ure probably does not represent cortical 
neuronal exhaustion; we have recorded 
generalized seizures lasting from one 
minute and ten seconds to 63 minutes 
and 40 seconds. It seems unlikely that, 
in a single species (man), there would 
be such a wide physiologic range of neu- 
ronal stamina under similar conditions. 
It would be improbable for all cortical 
neuronal systems to become exhausted 
suddenly and simultaneously. Further 
evidence against sudden neuronal ex- 
haustion is the fact that recovery from 
the hypertension, tachycardia, mydriasis, 
and muscle clonus occurred independ- 
ently of each other and before there was 
any detectable change in the electroen- 
cephalogram. 

It is suggested that, in generalized 
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Fic. 4. The various cardiac arrhythmias associated with seizure activity. A, bidirectional ventricular 
tachycardia. B, frequent premature auricular beats probably occurring at the AV node with quick return 
to normal sinus rhythm. C, peaked T waves—nonspecific. D, ventricular tachycardia. E, elevated ST 


segments. 


seizure activity, the tonic and clonic 
phases are largely influenced by subcor- 
tical facilitory actions on the lower mo- 
tor neurons. Our studies demonstrate 
that associated changes obviously are 
not due to muscle hyperactivity, but sug- 
gest that they are central in origin. 


SUMMARY 


1. A technic for the study of seizure 
patterns is presented whereby muscle 
artifact in the electroencephalogram is 
eliminated. This procedure has limited 
but definite clinical usefulness in the 
electroencephalographic laboratory. 
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2. Additional evidence is presented 
indicating that alterations in cardiovas- 
cular status associated with seizure ac- 
tivity are central in origin. 


3. Temporal dissociation of phenom- 
ena accompanying generalized seizures 
would not favor a simultaneous general- 
ized neuronal excitability and exhaustion. 


The authors wish to express grateful appreciation to Dr. Alexander T. Ross, chief of the depart- 


ment of neurology, Indiana University Medical Center, for his encouragement and support. 


S 

REFERENCES 

1. Lewrs, Harz, Jr., Ricwarpson, D. 257, 1934. 

Jeanne, and Genacen, Lawrence H.: Cardio- 5. Brown, Manjorire L., Huston, E., Hives, 
vascular disturbances and their management in H. M., and Brown, Georce W.: Cardiovascular 
modified electrotherapy for psychiatric illness. New changes associated with electroconvulsive therapy 
England J. Med. 252:1016, 1956. in man. Arch. Neurol. & Psychiat. 69:601, 1953. 

2. Moss, B. F., Jn., Taicpen, C. H., and Rosison, 6. PuizacKkeRr_ey, P. J. R., Poote, E. W., and Wuarr- ic 
W. P.: Report on the use of succinylcholine di- ty, C. W. M.: Sinoauricular heart block as an 2 
chloride (A curare-like drug) in electroconvulsive epileptic manifestation. Epilepsia Third Series, F 
therapy. Am. J. Psychiat. 109:895, 1953. November 1954. - 

3. Ernst: Physiological Foundations of 7. Witson, S. A.: Epileptic variants. J. 
Neurology and Psychiatry. Minneapolis, The Uni- Neurol. & Psychopath. 8:223, 1928. 
versity of Minnesota Press, 1953, pp. 148-152. 8. Jasper, HERBERT, and Erickson, THEeopvore C.: 

4. Gress, F. A., Lennox, W. G., and Gupss, E. L.: Cerebral blood flow and pH in excessive cortical 


Cerebral blood flow proceeding and accompanying 


discharge induced by Metrazol and electrical -stim- 


epileptic seizures. Arch. Neurol. & Psychiat. 32: ulation. J. Neurophysiol. 5:331, 1941. 


@ Some modern physiologists are of opinion, that the immediate or proximate 
cause of epilepsy is a derangement of the organization of some part or parts 
of the brain and nerves within the cranium; and though this hy thesis is 
attended with several difficulties, it is by no means the least plausible that has 
been offered on the subject. 

In epilepsy sensation is impeded, and motion is morbidly increased, and 
is no longer aoe in obedience to the will. Now it is not unreasonable 
to suppose, that this may depend upon a deranged state of the organization 
of certain parts within the cranium, _ntaal we can have no doubt that what- ! 
ever be the nature of the sentient, willing, and first moving power, it acts, 
and is acted upon, through the medium of organized matter; and, because on 
dissection after epilepsy, derangements of the organization of parts within 
the cranium have been very often actually found — In order that the perceiv- 
ing power may act perfectly, it would seem that its instruments must be per- 
fect. — For the selisetion of vision, the organ of sight must be unimpaired. 
If the eye be obscured, sight will become obscure; if its transparency be re- 
stored, distinct vision will restored. — Similar observations might be made 
respecting the other senses. i 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Review Courses IN Basic AND CLINICAL 
NEUROLOGY 
April 22, 23, 24, 1957 

Intensive review courses in basic and clin- 
ical neurology will be offered preceding the 
annual meeting, sponsored and arranged by the 
American Academy of Neurology. Courses will 
be held as follows: 

Neuropathology—April 22, 1957 

Neuroroentgenology—April 22, 1957 

Pain: Its Mechanism and Management— 
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Episodic Disorders of the Nervous System— 
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Current Advances in Neurology—April 24, 

1957 

Neuropharmacology—April 24, 1957 
Additional information regarding these courses 
may be obtained from Mrs. J. C. McKinley, 
Executive Secretary, 3501 East 54th Street, 
Minneapolis 17, Minnesota. 


THURSDAY, APRIL 25, 1957 


Morning Session A 9:00 a.m. 
Chairman: Pearce Bailey, Washington, D.C. 
Secretary: Elliott L. Mancell, Boston, Massa- 
chusetts 
Junior Prize Essay 
Subject and author to be anounced 
Presidential Address 
Walter O. Klingman, Charlottesville, Vir- 
ginia 
Common Sources of Error in the Diagnosis and 
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G. M. Shy, Robert Bradley, and William 

Matthews, Bethesda, Maryland 
The Significance and Reliability of Various 
Signs and Symptoms in the Diagnosis of Level 
of Root Involved in Protrusion of a Cervical 
Disk 

Robert E. Yoss, J. Grafton Love, Kendall B. 


Corbin, and Collin S. MacCarty, Rochester, 
Minnesota 
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Maryland 
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Charles Van Buskirk, Baltimore, 


A Study of Cholinesterases and Ali-esterase in 
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Effect of Anticonvulsant Drugs in Animals with 
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Frank Morrell, William B. Bradley and Mark 
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The Place of Mesantoin in the Treatment of 
Epilepsy: Efficacy vs. Toxicity 

Harry L. Kozol, Boston, Massachusetts 
Organization of Somatic Sensory and Motor 
Systems of the Cerebral Cortex 

Clinton N. Woolsey, Madison, Wisconsin 
Electrophysiological Analysis of Caudate-Cor- 
tical Relations (cat) 

Dominick P, Purpura, Edgar M. Housepian 

and Harry Grundfest, New York City 
The Long Lasting Effects of Reticular Forma- 
tion Stimulation 


Chandler McC. Brooks, Isamu Suda and 
Kiyomi Koizumi, New York City 


Midbrain and Thalamic Evoked Responses in 
the Cat: Effects of Gaseous Anesthetic Agents 
and Muscle Relaxants 
Clark T. Randt, William F. Collins, Hamil- 
ton S. Davis and William H. Dillon, Cleve- 
land, Ohio 


On the Abnormal Nature and Hereditary Char- 
acter of Certain EEG Changes Evoked Experi- 
mentally by Flickering Light 
C. Wesley Watson, Sherwood Davidson and 
Elliott Marcus, Boston, Massachusetts 


Studies in Human Cerebral Function: The 
Vulnerability of Specific Features of the High- 
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Loss of Increasing Amounts of Cerebral Hemi- 
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Loring F. Chapman, William N. Thetford, 
Louis Berlin, Thomas C. Guthrie and Harold 
G. Wolff, New York City 


The Mechanism of the Production of Papille- 
dema in the Guillain-Barré Syndrome 
R. J. Joynt, lowa City, Iowa 
Cerebellar Hemorrhage: A Clinicopathological 
Study 
Jean Rey-Bellet, New York City 
A Clinical Study of Aphasic Patients 
Joe R. Brown and Josephine Simonson, 
Rochester, Minnesota 
North American Blastomycosis of the Central 
Nervous System: A Clinico-Neuropathological 
Review of 12 Cases 
Kathryn R. Lewis and William W. Ayres, 
Washington, D.C. 
Business Meeting 5:00 p.m. 
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Evening Session 8:00 p.m. 


A SYMPOSIUM OF INQUIRY 
What We Need to Know About 
Muscle 


This is a prepared two-hour discussion by 
four eminent scientists, designed to summarize 
knowledge of muscle and to emphasize the 
areas where more research is needed. Written 
questions from the floor will be encouraged 
and answered by the panel. Speakers will be: 

G. Stanley Bennett—Morphology 

Albert Szent-Gyorgyi—Biochemistry 

Derek Denny-Brown—Physiology 

Raymond D. Adams—Pathology 

This is the third symposium of inquiry spon- 
sored by the research committee of the Amer- 
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ican Academy of Neurology. It is intended to 
stimulate thinking and provoke research ideas. 
The proceedings will be transcribed and sub- 
sequently published. 
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Metabolism of Nucleic Acids and Lipides in 
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mental Demyelination 


R. J. Rossiter, London, Canada 
A Specific Antidote for Nerve Gas and Insecti- 
cide (Alkylphosphate) Intoxication 

Irwin B. Wilson, New York City 
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Familial Acute Infantile Cerebral Degeneration 
Paul M. Ellwood, Jr., Frank Morrell and 
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Jane — and W. F. Windle, Bethesda, 
Maryland 

Pathogenesis of Hypophyseal Duct Tumors 
O. Hirsch and H. Hamlin, Providence, Rhode 
Island 

The Variability of Untreated Phenylketonuria 
Richmond S. Paine, Boston, Massachusetts 

Studies in Myasthenia Gravis 
Kermit E. Osserman, New York City 

The Nature of Defective Grasping in Infantile 

Spastic Hemiparesis 
Thomas E. Twitchell, Boston, Massachusetts 

Cerebellar Ataxia, Progressive External Oph- 

thalmoplegia and Cataracts 
Luis R. Lombardo, Baltimore, Maryland 


Myasthenia Gravis Appearing After Removal 
of Thymoma 


Lewis P. Rowland, Henry Aranow, Jr., and 
Paul F. A. Hoefer, New York City 
Post-Irradiation Cervical Myelopathy 
Hideo H. Itabashia, Jose Bebin and Russell 
N. DeJong, Ann Arbor, Michigan 
Spinal Hemangiomas in Pregnancy 
William S. Fields, Houston, Texas 
The Clinical Significance of the Myelographic 
Defect 
Paul J. Anderson, New York City 
Tuberculoid Leprosy: A Report of Two Cases 


Thomas B. Summers and George R. Zimmer- 
man, Jowa City, lowa 


FRIDAY, APRIL 26, 1957 
Afternoon Session 1:45 p.m. 


Chairman: Gilbert H. Glaser, New Haven, 
Connecticut 


Secretary: Paul S. Slosberg, New York City 


The Central Nervous System in Congenital 
Heart Disease 
Maynard M. Cohen and A. B. Baker, Min- 
neapolis, Minnesota 


Higher Brain Functions and Differential Aging 
Ward C. Halstead, Chicago, Illinois 
Serum Glutamic Oxalacetic Transaminase in 
Neurologic Disease 
Robert G. Siekert and Gerard A. Fleisher, 
Rochester, Minnesota 
Architecture of the Optic Radiation in the 
Temporal Lobe 
John M. Van Buren, Bethesda, Maryland 
Micro-determination of Protein and Lipides 
in CSF 
Wallace W. Tourtellotte and Russell N. 
DeJong, Ann Arbor, Michigan 
A Review of Cerebral Hemispheric Tumors 
with Attention to Presence or Absence of Ex- 
trapyramidal Signs and Symptoms 
R. Roth and J. Bebin, Detroit, Michigan 
Some Relationships Between Interictal Spiking 
Foci and Ictal Seizure Discharges 
Bruce L. Ralston, Bethesda, Maryland and 
New York City 
Familial Dysautonomia 


Webb Haymaker and Harold Stevens, Wash- 
ington, D.C. 
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Effects of Brainstem Lesions in Monkeys on 
Optokinetic Nystagmus 
P. Teng, S. Shanzer and M. B. Bender, New 
York City 


Transient Epileptogenic Encephalopathy in 
Children 
Ralph Druckman, Dora Chao and Peter 


Kellaway, Houston, Texas 
Glutamic-Oxaloacetic Transaminase Activity in 
Spinal Fluid 

Robert Katzman, Robert A. Fishman 

Eli S. Goldensohn, New York City 


and 


Understanding Oscillations in Normal and Dis- 
eased Neurological Servomechanisms 
Lawrence Stark, New Haven, Connecticut 


Business Meeting 5:00 p.m. 
Walter O. Klingman, presiding 


SATURDAY, APRIL 27, 1957 


Morning Session 9:00 a.m. 
Chairman: Sidney Carter, New York City 
Secretary: Eugene Loeser, New York City 


Benign Intracranial Tumors of Childhood 
Donald D. Matson, Boston, Massachusetts 


Polyneuritis in Children 
Niels L. Low, Salt Lake City, Utah 
Julia Schneider and Sidney Carter, New 
York City 
Brainstem Tumors in Children 
Patrick F. Bray, Salt Lake City, Utah 
Sidney Carter and Juan Taveras, New York 
City 
Neurological Abnormalities in Infants Born to 
Diabetic Mothers 
A. S. Dekaban and K. Magee, Bethesda, 
Maryland 


Subdural Hematoma and Subarachnoid Hem- 
orrhage Among Infants and Children: Review 
of 50 Cases 
Robert W. Hollenhorst, Harold A. Stein, 
Haddow M. Keith and Collin S. MacCarty, 
Rochester, Minnesota 


Anticoagulant Therapy in Cerebral Thrombosis 
C. M. Fisher, Boston, Massachusetts 


Basilar Artery Thrombosis: A Clinical and 


Pathological Study 
Huberto Cravioto, Jean Rey-Bellet, Philip 
Prose and Irwin Feigin, New York City 


NEUROLOGY 


Arteriographic Demonstration of Collateral 
Cerebral Circulation in Occlusive Cerebrovas- 
cular Disease 

Gerard M. Lehrer, New York City 
The Neurological Complications of Hodgkin's 
Disease 

Joseph G. Chusid and C. G. De Gutiérrez- 

Mahoney, New York City 
Cerebral Pathology Found in Fatal Rupture of 
Cerebral Artery Aneurysms 

Sherwood A. Jacobson, New York City 
Evaluation of Mental and Emotional Changes 
in Epileptics on Continuous Anticonvulsant 
Therapy 

Nathene Loveland, Bushnell Smith and Fran- 

cis Forster, Washington, D.C. 


SATURDAY, APRIL 27, 1957 
Afternoon Session 12:45 p.m. 


Chairman: Irwin Levy, St. Louis, Missouri 


Secretary: Edward F. Vastola, New York City 


Oculomotor and Postural Patterns in Schizo- 
phrenic Children 
Max Pollack and Howard P. Krieger, New 
York City 


Electroencephalographic Evaluation of Therapy 
in Obstructive Disease of the Basilar and Ca- 
rotid Arteries 
J. S. Meyer, W. Wegner, C. A. Kane and 
O. Reinmuth, Boston, Massachusetts 
The Treatment of Cryptococcosis: A Review 
with Report of a Case 
G. W. Holt, W. C. Robb, K. C. Sawyer and 
J. List, Denver, Colorado 
Neurological Significance of Gerstmann’s Syn- 
drome 
Robert F. Heimburger, William DeMyer and 
Ralph M. Reitan, Indianapolis, Indiana 
Psychological Significance of Gerstmann’s Syn- 
drome 
Ralph M. Reitan, William DeMeyer and 
Robert F. Heimburger, Indianapolis, Indiana 
Lesions of the Basal Ganglia of the Monkey 
George D. Davis, New Orleans, Louisiana 
Restoration of Function in Aphasia: A Survey 
of Three Years’ Experience in a Rehabilitation 
Setting 


Morton Marks, Martha Taylor and Howard 
A. Rusk, New York City 
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Uremia, Coma and the EEG 
Jerome Kassirer, Walter Stafford and Irving 
Hyman, Buffalo, New York 


Clinical and Physiologic Studies of Normal 
Sleep and Narcolepsy 
R. I. Birchfield, H. O. Sieker and A. Hey- 
man, Durham, North Carolina 


Peripheral Neuropathy Associated with Heredi- 
tary Primary Systemic Amyloidosis 
Joshua H. Carey, Charles E. Jackson, Harold 
F. Falls, John G. Rukavina and Walter D. 
Block, Ann Arbor, Michigan 


Subacute Inclusion Encephalitis 


Richard G. Berry, Harold M. Manfredi and 
Bernard J. Alpers, Philadelphia, Pennsylvania 


Familial Areflexic Amyotrophy: A Genetic 
Form of Myeloneuropathy 
I. S. Freiman, New York City 


Distribution of Radioarsenic in Normal Tissues 
and Intracranial Neoplasm in Man 
G. L. Brownell, W. H. Sweet and J. Mealey, 
Boston, Massachusetts 


AMERICAN ACADEMY OF NEUROLOGY 


SECTION ON NEUROCHEMISTRY 


THURSDAY, APRIL 25, 1957 
Afternoon Session 1:30 p.m. 


Chairman: Roscoe O. Brady, Bethesda, Mary- 
land 


Secretary: Robert M. Burton, Bethesda, Mary- 
land 


Some Aspects of the Relation of Ceruloplasmin 
to Wilson’s Disease 


I. Herbert Scheinberg, Ruth S. Harris and 
Donald Dubin, New York City 


Muscle Proteins in Dystrophy 
Bennie Horvath, Bethesda, Maryland 
A Collagen-like Compound Isolated from Spinal 
Cord 
Elizabeth Roboz, Nezahat Henderson and 
Marian W. Kies, Washington, D.C. 
Nucleic Acid Content of Cerebral Neurons 
R. G. Grenell and Leopold May, Baltimore, 
Maryland 
Quantitative Histochemistry of Selected Central 
Tracts 
D. B. McDougal, Jr., St. Louis, Missouri 
Substrate Utilization of Peripheral Nerves 
Irving H. Heller and Sigurd Hesse, Montreal, 
Quebec 
Increase in the Rate of Glucose Utilization Dur- 
ing Activity in Excised Sympathetic Ganglia 
Michel Dolivo and Martin G. Larrabee, Bal- 
timore, Maryland 


Effect of Glutamate and Glutamine on the In- 
tracellular Electrolytes of Nervous Tissues 


Adelbert Ames, Boston, Massachusetts 


Diffusion Constants in the Extracellular Space 
of Brain Tissue 

Hugh McLennan, Halifax, Novia Scotia 
Mitochondria of Brain as the Site of its Meta- 
bolic Activity 

H. G. deBuy, Bethesda, Maryland 
Business Meeting (Organization session) 5:10 


p-m. 
FRIDAY, APRIL 26, 1957 


Joint meeting with general session 9:00 a.m. 


COLLOQUIUM ON NEUROCHEMISTRY 


FRIDAY, APRIL 26, 1957 
Afternoon Session 1:30 p.m. 


Chairman: William K. Jordan, Little Rock, 
Arkansas 


Secretary: Irving H. Heller, Montreal, Quebec 


The Adenosine Polyphosphates, Creatine Phos- 

phate and Ascorbic Acid Content of Rat Brain 
Sping Lin, Harold P. Cohen and Maynard 
M. Cohen, Minneapolis, Minnesota 


Some Aspects of Oxidative Metabolism of Glu- 
cose in Brain Suspensions 
Malcolm Gordon, Peter Hawley and M. K. 
Gaitonde, Hartford, Connecticut 


Metabolic Studies of Gamma-Aminobutyric 
Acid 
Eugene Roberts and Claude Baxter, Duarte, 
California 


Studies with Tritium-Labelled Inositol 


Bernard W. Agranoff and Roscoe O. Brady, 
Bethesda, Maryland 
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Studies on the Biosynthesis of Cerebroside 
Galactose 
Hugo W. Moser and Manfred L. Karnovsky, 
Boston, Massachusetts 


Studies on the Biosynthesis of Galactolipids 


Robert M. Burton, Mary H. Sodd and Roscoe 
O. Brady, Bethesda, Maryland 


A Comparison of the Biochemistry of Wallerian 
Degeneration in the Peripheral and Central 
Nervous Systems 
Richard E. McCaman and Eli Robins, St. 
Louis, Missouri 


Studies on Myelination and Demyelination: 
Lipogenesis by Nervous Tissue In Vitro 
Guido Manjo and Manfred L. Karnovsky, 
Boston, Massachusetts 


Mode of Action of an Inhibitor of Acetylcho- 
line Synthesis 


F. C. McIntosh, R. I. Birks and P. B. Sastry, 
Montreal, Quebec 


Correlation of Rate of Compulsive Circling in 
Rabbits with Asymmetric Accumulation of 
Acetylcholine in their Cerebral Cortices 

M. H. Aprison, Indianapolis, Indiana 


SATURDAY, APRIL 27, 1957 
Morning Session 9:00 a.m. 


Chairman: Maynard M. Cohen, Minneapolis, 
Minnesota 


Secretary: John Logothetis, Minneapolis, Min. 
nesota 


Butyrylcholinesterase in Human and Ruminant 
Nervous Tissue 
Joseph Bernsohn and Leroy Possley, Chicago, 
IIllinois 


The Effect of Prolonged Treatment with Tran- 
quilizing Drugs upon Two Enzymes of the 
Central Nervous System 


Winifred Ashby, Washington, D.C. 


Evidence for Action of Tranquilizing and Hal- 
lucinogenic Drugs by Central Interaction with 
Serotonin and Norepinephrine 
Donald Bogdanski, Sydney Spector, Park- 
hurst A. Shore and Bernard B. Brodie, Be- 
thesda, Maryland 


Factor I and Gamma-Aminobutyric Acid 
K. A. C. Elliott, Montreal, Quebec 


Cerebral Blood Flow in Children 
During the Interseizure Perio 
Charles Kennedy, William Anderson and 
Louis Sokoloff, Philadelphia, Pennsylvania 


The N-methylated Derivatives of Barbituric 
Acid, Hydantoin and Oxazolidinedione Used in 
the Treatment of Epilepsy 
Thomas C. Butler and William J. Waddell, 
Chapel Hill, North Carolina 


Relation Between Excitability and Metabolism 

in Brain as Elucidated by Anticonvulsant Drugs 
Dixon M. Woodbury and Alan R. Koch, Salt 
Lake City, Utah 


Sound-Induced Seizures in Animals 
Cary Suter, Walter O. Klingman, Dane 
Boggs, R. D. Marks, Carl B. Caplinger and 
O. W. Lacy, Charlottesville, Virginia 


The Composition of Cerebrospinal Fluid under 
Varying Conditions 
Edgar A. Bering, Boston, Massachusetts 


Biochemical Changes in Brain and Spinal Fluid 
after Head Injury 
Emest Sachs, Jr., John Davison, Lucia Phil- 
lips, Fred Chang and James Ryan, Hanover, 
New Hampshire 


il 


CASE REPORT 


Intracranial Venous Thrombosis 


During the First Trimester of Pregnancy 


Robert A. Fishman, M.D., David Cowen, M.D. and Maximilian Silbermann, M.D. 


TuHromsosis of the dural venous sinuses and 
veins is most frequently a complication of 
infection in the paranasal sinuses or mas- 
toids.' However, cranial injury may on rare 
occasion predispose to thrombus formation 
without evidence of sepsis.? The “marantic” 
illnesses, such as leukemia, tuberculosis, per- 
sistent diarrhea, and other diseases associ- 
ated with severe dehydration, have in the 
past been associated with the occurrence 
of aseptic thrombosis of the dural sinuses.* 
The occurrence of aseptic dural sinus throm- 
bosis has been described also as an un- 
common complication of the postpartum 
period, usually occurring within three weeks 
after delivery.1** Thrombosis of the super- 
ior longitudinal sinus has been reported as 
a spontaneous occurrence, in the absence 
of sepsis, trauma, marasmus, or the puerper- 
ium, and such cases have been considered 
primary thrombosis of the dural sinuses.* 
The clinical picture in such cases is variable 
and may include focal neurologic signs, 
with or without increased intracranial pres- 
sure, convulsions, subarachnoid hemorrhage, 
and the syndrome of pseudotumor cerebri. 

The spontaneous occurrence of throm- 
bosis of the superior longitudinal sinus in 


two patients during the third month of 
pregnancy has prompted the report of this 
unusual syndrome. 


Case 1. A 20 year old woman in her third 
month of pregnancy was in good health until 
one week prior to admission when she com- 
plained of easy fatigability. There were no 
specific complaints until the day of admission 
when she became confused and began to 
scream incoherently. The local physician was 
called and he informed the family that she 
had a “nervous breakdown.” A short time later 
she became progressively more stuporous and 
was admitted to the Neurological Institute in 
a comatose state. The past history was not 
significant. 

On admission the patient was deeply coma- 
tose. There was stiffness of the neck and bilat- 
eral Kernig and Brudzcinski’s signs were eb- 
served. The temperature was 99° F., pulse 110, 
respirations 28 and blood pressure 140/90. 
Physical examination was not otherwise remark- 
able, except for a few rales at the lung bases 
and labored respirations. Neurologic examina- 
tion revealed no lateralizing signs. The fundi 
were normal, the reflexes were hypoactive bi- 
laterally, and there were bilateral extensor 

lantar responses. Lumbar puncture was per- 
se shortly after admission. The pressure 
was increased, but at this time the patient was 
convulsing. The fluid was initially clear, but 
then became grossly bloody. It was believed 
at the time that the blood probably was due 
to trauma at the puncture site. Urinalysis was 
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not remarkable. Blood and spinal fluid serologic 
tests for syphilis were negative. No additional 
laboratory { om were obtained prior to death. 

Shortly after admission she began to have 
— attacks characterized by rhythmic 
clonic contractions of the upper and rigidity 
of the lower extremities. The movements grad- 
ually became more severe and within one-half 
hour a generalized tonic convulsion occurred, 
lasting about one minute, which appeared to 
be more severe on the left side of the body. 
Following the seizure the involuntary move- 
ments ceased and the signs of meningeal irri- 
tation and the extensor plantar responses dis- 
appeared. One hour later, six hours after hos- 
pital admission, the patient’s respiration sud- 
denly ceased and she was pronounced dead. 
No definite clinical diagnosis was made, but 
an acute meningoencephalitis was considered 
possible. 

Postmortem examination. The superior longi- 
tudinal sinus was filled with a firm thrombus 
which completely occluded the torcular Her- 
ophili. The thrombus extended into both later- 
al sinuses, more so on the left than the right. 
The blood vessels of the brain were enormously 
congested, particularly the veins over the dorsal 
portions of the hemispheres. On section, there 
were small miliary hemorrhages throughout the 
cortical grey matter, especially in areas adjacent 
to the thrombosed sinuses. There were no gross 
lesions in the white matter, basal ganglia, brain- 
stem, and cerebellum. The petrous bone, the 
middle ear, and mastoid cells were normal. 
The frontal, ethmoid, and sphenoid sinuses 
were also normal. The lungs were not remark- 
able, except for the presence of several pul- 
monary emboli. No source for emboli other than 
the dural thrombus was noted. The heart was 
normal. The gross findings at autopsy were 
otherwise negative, except for the uterus which 
was enlarged to the size expected at the end 
of the first trimester of pregnancy. There was 
no evidence of any focus of infection. Staphyl- 
ococcus albus was cultured from the central 
nervous system at necropsy but this was con- 
sidered to be a contaminant. On microscopic 
examination, the walls of the dural sinuses con- 
tained numerous small areas of hemorrhage 
but there was no evidence of infection. There 
was thrombus formation with attachment to 
the dural wall, suggesting early organization. 
The brain was intensely congested, the pial 
veins were thrombosed, and there were many 
small miliary hemorrhages in the cortical grey 
matter and small areas of encephalomalacia. 
There were small areas of subependymal hem- 
orrhage in the walls of the lateral ventricles. 
There was no evidence of an inflammatory or 
glial reaction. 


Case 2. A 27 year old woman in her third 
month of pregnancy was in excellent health 
until seven days prior to admission. At this 
time she had a sightly bloody vaginal dis- 
charge and was confined to her home by order 
of her physician. She was given stilbestrol 25 
mg. six times daily for four days. She vomited 
on several occasions, complained of weakness, 
and spent most of the day in bed. She was 
afebrile. Three days prior to admission the 
husband noted that the patient staggered and 
tended to walk to the left on arising from 
bed. She also complained of generalized head- 
ache, and of not seeing clearly on looking to 
the left. Two days prior to admission she was 
noted to be confused, failing to remember that 
she had eaten breakfast. She became drowsy 
in the afternoon and was disoriented as to 
time and place. That evening she had a con- 
vulsion, described as beginning with the head 
and eyes turned to the right, with twitching 
in the right extremities which progressed to a 
generalized convulsion. She remained comatose 
pe. and was admitted to a community 

ospital. The day prior to transfer to the 
Neurological Institute she remained comatose 
and was reported to have had repeated gen- 
eralized convulsions. That evening she was 
described as in deep coma, without nuchal 
rigidity. The pupils were fixed to light and 
equal. Bilateral convulsive movements were 
described, followed by increased tone on the 
left side. The deep tendon reflexes were more 
active on the left side and there was a positive 
Babinski sign on the left. 

She was transferred to the Neurological In- 
stitute at 12:30 a.m. At this time the blood 
pressure was 130/70, pulse 100, respirations 
24, and temperature 99.6°F. She responded 
only to painful stimuli by withdrawal of the 
stimulated extremity, with more activity of the 
right than the left side. There was increased 
tone in all the extremities, more marked on the 
left. There was a generalized and symmetric 
increase in reflex activity, with bilateral exten- 
sor plantar responses. The pupils were unequal 
(right 2 mm., left 4 mm.), the right reacting 
sluggishly to light and the left ke fixed. 
There was a weak consensual reaction on stimu- 
lation of the right eye. There was deviation of 
the head and eyes to the left. There was. blur- 
ring of the margins of the optic disks bilaterally 
but no other abnormal fiudings. Physical ex- 
amination was otherwise not remarkable. Emer- 
gency skull films taken on admission were re- 
ported to be normal. 

One hour after admission the coma deepened 
and the patient became completely unrespon- 
sive. The extremities were flaccid and no re- 


flexes could be obtained. Both pupils were 
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equal and fixed. Periods of apnea lasting al- 
most a minute then developed. Oxygen and 
artificial respiration were administered. Caf- 
feine and eens were also given. At this 
point the blood pressure was 134/64, tempera- 
ture 102, and pulse 160. The cardiac rhythm 
was irregular. The patient was placed in a 
respirator, but the heart failed one hour later. 
No other laboratory studies could be obtained 
during the two and one-half hour period that 
the patient survived at the hospital. 

No definite clinical diagnosis was made. The 
possibility of a dural sinus thrombosis was 
considered, in view of the similarity to the 
course of the previous case described. 

Postmortem examination. The superior longi- 
tudinal sinus was filled with a massive pinkish- 
brown thrombus extending for 10 cm. from a 
point 2 cm. posterior to the attachment of the 
sinus at the crista galli to about 1 cm. anterior 
to the torcular Herophili. This friable throm- 
bus had extended into some of the superior 
cerebral veins. The dura and the other venous 
sinuses were not unusual. No evidence of infec- 
tion was found in the mastoid or in the ethmoid, 
frontal, and sphenoid sinuses. The cerebral 
hemispheres were asymmetric due to the pres- 
ence of an extensive recent subarachnoid hem- 
orrhage over the right frontal area. The under- 
lying cerebral tissue was soft and friable. 
There was a smaller area of leptomeningeal 
hemorrhage over the left frontal area. The 
superior cerebral veins leading toward the 
thrombosed sinus were distended due to throm- 
bosis. This was most marked in the left frontal 
region. The remainder of the leptomeninges 
over the convex surface of the hemispheres, 
as well as those at the base, were not remark- 
able. The arteries of the brain were normal. 
There were tentorial grooves on the ventral as- 
pect of each uncus. The cerebellum and brain- 
stem were normal externally. Many recent 
hemorrhages in the cortex and white matter of 
the hemispheres were seen in transverse sec- 
tions of the brain. These were largest in the 
areas adjacent to the leptomeningeal clots, but 
were widespread throughout each hemisphere. 
There were also many satellite hemorrhages 
and some petechial lesions. There was an area 
of hemorrhage in the right parietal lobe com- 
municating with the right lateral ventricle 
which was filled with clot. Cultures taken from 
the sinus and brain were sterile. No other 
thrombi were noted. There was a normal three 
month old fetus in utero. Otherwise, there were 
no significant abnormalities in the necropsy. 

On microscopic examination the superior 
sagittal sinus was filled with laminated recent 
thrombus material. There was no evidence of 
inflammation in the walls of the sinuses or in 
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the blood vessels. There was hemorrhagic in- 
farction of the cerebral tissue and thrombosis of 
the veins in the areas which appeared abnor- 
mal on gross examination. All rT ‘the cerebral 
lesions were acute and of about the same dur- 
ation. There were no changes suggestive of 


previous episodes of thrombosis. 
DISCUSSION 


These two patients present a very strik- 
ing clinical situation in which previously 
healthy women in the third month of an 
uncomplicated pregnancy developed an 
acute organic mental state, followed by 
rapidly progressive stupor associated with 
focal and generalized convulsions. Both 
ran a rapidly fatal course, terminating with 
deep coma with respiratory arrest. The 
similarity of the illness of the second patient 
to that of the first was such that the diag- 
nosis was suggested shortly before death. 
In neither case could the cause for throm- 
bus formation in the superior longitudinal 
sinus be determined. There was no evidence 
of thrombus formation in other areas of the 
body, nor was there any evidence of in- 
fection in the paranasal sinuses or the 
meninges. There was no evidence of trauma 
or debilitating disease. Death occurred so 
rapidly that hematologic studies could not 
be performed to determine the presence or 
absence of a derangement of the blood 
clotting mechanism. 

The relationship of pregnancy to throm- 
bus formation in the dural sinuses is ob- 
secure. This syndrome has been described 
as occurring from two to 28 days after 
delivery, but not as a complication of the 
first trimester.'*" The etiology of post- 
partum thrombus formation remains un- 
explained, although changes in the circu- 
lation of the deep paravertebral venous 
plexus occurring during labor have been 
suggested as having a role in the formation 
of a thrombus in the intracranial venous 
sinuses.> The possibility of a rent in the 
intima of the dural sinuses occurring during 
labor, associated with the usual postpartum 
increase of blood platelets and plasma fib- 
rinogen, has been suggested as a basis for 
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thrombus formation.’ It would be difficult 
to relate such processes to thrombosis in the 
first trimester of pregnancy. 

In view of the similarity of the course 
of these two patients, it may be possible 
that an early diagnosis could be made in 
such cases. The possibility of therapy 
would appear limited, especially in patients 
with evidence of extensive hemorrhagic in- 
farction. Spontaneous recovery has been re- 
ported in patients with postpartum throm- 
bosis of the dural sinuses,® but catastrophic 
hemorrhagic infarction did not occur in 
these cases. Administration of anticoagu- 
lants might be considered as rational ther- 
apy.* This would be hazardous if there 
were evidence of extensive intracerebral or 
subarachnoid bleeding, but could be con- 


sidered in less fulminant and massive oc- 
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clusions. In view of the extension of the 
thrombus into the cortical veins, the value 
of thrombectomy would be limited. 


SUMMARY 


Two patients are reported who developed 
a spontaneous thrombosis of the superior 
longitudinal sinus during the first trimester 
of pregnancy. The clinical picture associ- 
ated with this lesion was characterized by 
the acute onset of an organic mental syn- 
drome, followed by generalized convulsions, 
progressive stupor, and death from respira- 
tory arrest within a few days of the onset. 
At necropsy there was hemorrhagic infare- 
tion of the cerebral cortex, secondary to 
aseptic thrombosis of the superior longitu- 
dinal sinus. No cause for the thrombus for- 
mation could be determined. 
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Epilepsy and the Law 


Roscoe L. Barrow and Howard D. Fa- 
bing, M.D. 1956. New York: Paul B. 
Hoeber, Inc. 177 pages. $5.50. 


Dean Roscoe L. Barrow of the University 
of Cincinnati College of Law and Dr. How- 
ard D. Fabing, past president of the Amer- 
ican Academy of Neurology and chairman 
of the legislation committee of the Ameri- 
can League against Epilepsy, have collab- 
orated in a detailed study of the legal as- 
pects of epilepsy. The publication of this 
book marks an important monument in the 
attack on this important disease, and it is 
the first major document to clarify the legal 
and social status of the epileptic patient in 
this country. It provides a firm, factual 
basis on which to formulate corrective ac- 


_ tion for certain of the inequities that make 


the epileptic’s position in society so in- 
secure. 

Four major aspects of legal restrictions of 
the epileptic are investigated in detail. 
These include studies on marriage license 
laws, sterilization laws, driver’s license laws, 
and workmen’s compensation laws. It is 
brought out that, not only is there a great 


REVIEWS 


deal of inconsistency in these laws in the 
various states of our country, but also the 
majority of them are outmoded and based 
on concepts of epilepsy which have long 
been disproved in view of recent research 
and knowledge. It is a well documented, 
objective appraisal of individual state laws 
governing the epileptic’s ability to marry 
and have children, to drive a motor vehicle, 
and to obtain employment, and specific rec- 
ommendations are made in regard to each 
of these. Most of the laws are based on the 
stigma that has been attached to epilepsy 
since prehistoric times, and this stigma is 
a formidable obstacle to social rehabilita- 
tion. Furthermore, in the majority of laws 
there is no definition of “epilepsy,” and in 
many states epilepsy is included in a gen- 
eral way with idiocy and insanity. 

Medical progress in the control of epi- 
leptic seizures has rendered our epilepsy 
laws anachronistic. In this book, proposals 
are made for legislative changes that will 
bring these laws into line with modern med- 
ical knowledge of this disease. Such changes 
are necessary if the legal aspects of epilepsy 
are to keep pace with the medical gains that 
have been made in recent years in the treat- 
ment of this condition. 

R. N. DEJ. 


221 


d 
or 
er 
) BOOK 
n- 
S, 
a- 
to 
r- 
ry 
th. 
sis 
ry 
ral 
36, 


222 

Examination of the Nervous System 
A Student's Guide. A. Theodore Steeg- 
mann. 1956. Chicago, Illinois: The Year 
Book Publishers, Inc., 164 pages. $3.75. 


Tis small compendium on the technic of 
the neurologic examination is well planned 


NEUROLOGY 


be expected to know about the subject. 
The outline used follows a conventional 
plan, and contains enough textual exposition 
of method and of relevant neuroanatomy 
and neurophysiology to make the presen- 
tation clear and meaningful. There are also 
a number of useful line drawings. There is 


and well executed to serve its announced 
purpose: that of a guide for medical stu- 
dents to the rudiments of the examination 
of the nervous system. The book contains 
what the average medical student should 


a commendable avoidance of pointless epo- 
nyms. The book is inexpensive and small 
enough to fit the student’s pocket—further 
points to recommend it to teachers of neu- 
rology and physical diagnosis. 

R.B.R. 


Editorial Note 


MODES OF INHERITANCE AND GENETIC COUNSELLING 

One of the ultimate objectives of any investigation in medical genetics is 
“prediction.” The question the genetic counsellor must answer may take one 
of several forms. The parents of an affected child may ask: “If we have 
another child, what are the chances that it too will be affected?” or an affected 
individual may ask: “If I marry, what are the chances that my children will 
be affected?” 

In so far as a sound “prediction” to these and other similar questions 
depends upon a sound “recognition” of the mode of inheritance, the authors 
of the interesting article “Familial Cerebello-Olivary Degeneration with Late 
Development of Rigidity and Dementia” (Neurology 6:876, 1956) have erred 
in their conclusion that “the defective genes in this pathologic condition of 
the nervous system are sex-linked recessive ones.” The pedigree clearly sug- 
gests that the condition is due to a single autosomal dominant gene. 

The difference that this makes in genetic counselling is too great to be 
ignored. For example, if the condition were due to a sex-linked recessive gene, 
the three living ected brothers (P.E.R., S.1.L., and L.A.W.) would not 
have affected children. However, the condition being due to an autosomal 
dominant gene, one must counsel that 50 per cent of their children, whether 
male or female, will be affected. 


D. Merrakos, Ph.D. 
Department of Medical Genetics, 
The Montreal Children’s Hospital 
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@ nonaddictive, well tolerated, relatively nontoxic 


for anxiety 


@ well suited for prolonged therapy 


@ no blood dyscrasias, liver toxicity, Parkinson-like syndrome 
or nasal stuffiness 


@ chemically unrelated to chlorpromazine or reserpine 
@ does not produce significant depression 


@ orally effective within 30 minutes for a period of 6 hours 


Indications :anxiety and tension states, muscle spasm. 


Tranquilizer with muscle-relazant action 


DISCOVERED AND INTRODUCED 
BY Qpwarrace LABORATORIES, New Brunswick, N. J. 


2-methyl-2-n-propyl-1 ,3-propanediol dicarbamate—U. S. Patent 2,724,720 
SUPPLIED: 400 mg. scored tablets. Usual dose: 1 or 2 tablets t.i.d. 
Literature and Samples Available on Request 


THE MILTOWN® 


MEPROBAMATE MOLECULE 
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improved motor function in neurologic disorders 


In cerebral palsy, “the motor system evalu- 
ations...show improvement without signifi- 
cant loss of muscle power during treatment 
with Frexin....”" 


Objective tests demonstrate useful muscle relaxation 


“Of ten patients...small but significant im- 
provements in tests of motor function were 
observed in six....”" 


Available: Tablets, Engestic Coated, pink, 250 mg., bot- 
tles of 36. Tablets, scored, yellow, 250 mg., bottles of 50. 


1. Millichap, J. G., and Hedra, R.: Quantitative Assess- 
ment of Motor Function in Cerebral Palsy: Evaluation of 
Zoxazolamine (Flexin), A New Muscular Relaxant Drug, 
Neurology 6:843, 1956. 

*U.S. Patent Pending 
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MODEL IV 


SIXTEEN CHANNEL 
ELECTROENCEPHALOGRAPH 


@ Same accuracy, dependability and operating convenience which have 
made Model Ill internationally famous. 


@ For applications in clinical and research Electroencephalography and 
Electrocorticography requiring up to sixteen channels. 


@ Can be supplied with any number of channels when eventual expan- 
sion to more than eight is contemplated. 


© Up to 36-point electrode selection available. 


@ Model IV has the same dimensions as Model Ill except for an increase 
in depth of four inches. 


@ Model IV does not replace or make obsolete Model Ill, which is pro- 
duced for applications requiring a maximum of eight channels. 


GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS. 
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AAN Program Expanded to Meet As of the deadline (Jan. 11) for 
Rising Activities in Neurology abstracts of papers to be presented 

in the scientific sessions of the 
coming AAN meeting at the Sheraton-Plaza Hotel in Boston (April 
25-27), 160 high quality abstracts had been submitted to Program 
Chairman James L. O'Leary. Contrasted to the average 40 
abstracts received for previous annual meetings, this sudden 
avalanche posed a last minute decision to be made by President 
Klingman, Program Chairman O'Leary, and Local Chairman Joseph M. 
Foley. The problem has been resolved by streamlining the 
program by having concurrently running scientific sessions, and 
by adding an afternoon of scientific sessions on Saturday (April 
27). Thus, the scientific sessions will comprise 112 papers, 
including 30 papers to be presented by the AAN Section on Neuro- 
chemistry. In addition, there will be a Symposium of Inquiry on 
Muscle (See Newsletter, January 1957), which will take place at 
the Jimmy Fund Building Auditorium in the Children's Medical 
Center, Thursday evening (April 25). According to Program 
Chairman James L. O'Leary, "This will be the biggest and most 
exciting program we ever have had in American neurology -= or, 
at least, so I believe it to be." 


Calendar of Social Events Tentatively arranged for the AAN meeting 

at the Sheraton-Plaza is the traditional 
Early Bird Party to be held at 5:30 p.m. on Wednesday (April 24) 
in the hotel foyer. The official banquet and dance is scheduled 
for Friday evening (April 26), and will be preceded by cocktails 
at 7 o'clock. Also, tentatively arranged, with the cooperation 
of the Woman's Auxiliary, are a Thursday afternoon visit to the 
Gardner Museum with a tour of the Palace, and an opportunity to 
attend, the same evening, the rehearsal of the Boston Symphony 
Orchestra. Plans are in the making for guided tours of the 
Museum of Fine Arts, the Museum of Science, and other landmarks 
of historic Boston on Friday afternoon. Data on restaurants and 
points of historic interest are being prepared. 


New Honorary Members AAN President Walter 0. Klingman announces 
Elected to AAN _that the following distinguished neurol- 

ogists and scientists have been elected as 
honorary members to the AAN: James B. Ayer, Alexander Forbes, 


NEWSLETTER AMERICAN ACADEMY OF NEUROLOGY 
Walter O. Klingman, President 
Joseph L. Whelan, Treasurer 
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Stanley Cobb, and Wilder Penfield.... Recently elected to 
honorary-corresponding membership are Sir Henry Dale of London 
and Prof. Dr W. R. Hess of Zurich, Nobel laureates in 1936 and 
1949, respectively.... There are now 11 honorary members and 49 
honorary-corresponding members in the Academy. 


* * * * * * 
New Diplomates At the annual examination of the American Board 
In Neurology of Psychiatry and Neurology held in New York 


City (Dec. 10-11), 14 candidates were certified 
in neurology: James Henry Austin, Portland, Ore. ; Robert E. Cook, 
San Francisco; Donald B. Douglas, New York City (supplementary 
certification) ; Bruce Carlyle, Peoria, I1l.; Norman Philip Gold- 
stein, Rochester, Minn. (supplementary certification) ; Warren H. 
Kempinsky, St. Louis; Martin M. Mandel, Philadelphia; John 
Moossy, New Orleans; Thomas C. Parsons, Montrose, N. Y.; 
William Austin Sibley, Cleveland; Stanley A. Skillicorn, San 
Jose, Calif.; Janice Robinson Stevens, Portland, Ore.; Robert L. 
Tentler, Chicago; and Howard Jerome Tucker, New York City..... 
Two examinations will be given in 1957: New Orleans, Louisiana 
(March 18-19); New York, N. Y. (December 16-17).... The 
secretary-treasurer of the board announces that "Effective 
January 1, 1958, all unused examination fees, or portion thereof, 
on deposit in the Board Office will be forfeited by the can- 
didate to the Board when the application lapses by going out of 
date. Further, all unused examination fees, or partial, unused 
examination fees, deposited before the date of January 1, 1952, 
will automatically be forfeited by the candidate to the Board 
on January 1, 1958.".... Inquiries and communications should be 
directed to David A. Boyd, Jr., Secretary-Treasurer, American 
Board of Psychiatry and Neurology, 102-110 Second Ave. S.W., 
Rochester, Minn. 


ANA to Meet The 82nd annual meeting of the American Neuro- 
In Atlantic City logical Association will be held at the Claridge 
Hotel in Atlantic City (June 17-19). The scien- 
tific sessions begin on Monday morning, June 17, and continue 
through Wednesday morning, June 19. The annual dinner is 
scheduled for Tuesday evening, June 18. Members applying for a 
place on the program should submit an abstract in duplicate, not 
to exceed 200 words, to the secretary before March 15, and a 
resume, not to exceed 1,000 words, for publication in the Trans- 
actions. Nonmembers may read papers of special interest by 
invitation of the program committee. Presentations will be 
limited to 10 minutes. Those submitting papers. should indicate 
to the secretary the name of one or two discussants. Applica- 
tions for exhibits and demonstrations are encouraged.... All 
communications should be sent to Dr. Charles Rupp, 133 South 36th 
Street, Philadelphia 4, Pa. 
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Symposium on Myelin On Saturday and Sunday, June 15-16, just 
To Precede ANA Meeting before the ANA meeting, there will be a 

Symposium on myelin at the Claridge 
Hotel, Atlantic City. According to the symposium chairman, 
Saul R. Korey, professor of neurology, Albert Einstein College 
of Medicine, Yeshiva University, the problem will be approached 
in all its biologic aspects and constitute a comprehensive 
analysis of the constituents of myelin and of the known struc- 
tural and dynamic factors in the myelinization process. 


Division of Neurology A division of neurology has been 
Established at Western Reserve established at Western Reserve 

University Medical Center in 
Cleveland. Director of the division is Clark T. Randt, who will 
be assisted in developing a three-year residency training 
program in neurology by William A. Sibley, Lowell H. Laphan, 
Howard J. Tucker, John H. Nichols, and Robert F. Bennett. The 
program will emphasize neurologic training in its clinical and 
basic aspects. 


* * * ** * 


Random Notes The registration deadline for the First 
On International Congress International Congress of Neurological 

Sciences in Brussels is April 1, 1957. 
After this date the registration fees (active, $15.00; associate, 
$10.00; auxiliary, 5.00) are doubled. Registration fees are 
not refundable. Titles and abstracts of presentations for the 
Scientific sessions will not be included in the printed program 
unless the author has registered.... The official reception for 
members of the congress will be given Sunday evening, July 21. 
Subscriptions ($9.00 per person) to the official banquet and 
dance set for Thursday evening, July 25, must be paid before 
March 20.... An historic exhibit, designed by Secretary-General 
Ludo van Bogaert, which features Vesalius and the history of 
anatomy, will be unveiled on Monday, July 22.... The House of 
Travel (17 East 49 Street, New York 17, N. Y.) offers escorted 
grand tours of Europe for neurologists and scientists, which 
include attendance at the Brussels congress.... Additional 
details about the congress may be obtained from Dr. Pearce 
Bailey, Secretary, Committee for the United States, National 
Institute of Neurological Diseases and Blindness, Bethesda 14, 
Maryland. 


Other International Congresses Other international congresses in 
Related to Neurology disciplines related to neurology 
which will be held in Western Europe 
this summer are: Fourth International Poliomyelitis Congress in 
Geneva (July 8-12); Anglo-American Conference on "The History of 
Knowledge of the Functions of the Brain" in London (July 15-18) ; 
a Symposium on the "Medical-Social Aspects of Senile Nervous 
Diseases" to be held under the auspices of the Fourth Congress 
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of the International Association of Gerontology in Venice 

(July 20-21); the Fifteenth International Congress of Psychology 
in Brussels (July 28-August 3); and the International Congress 
of Psychiatry in Zurich (September 1-7). 


Princeton Conference Under the sponsorship of the 
On Cerebral Vascular Disease American Heart Association, aided 
by grants from the National Heart 
Institute and the Albert and Mary Lasker Foundation, the Second 
Conference on Cerebral Vascular Diseases was held at Princeton's 
Nassau Tavern (Jan. 16-19). A program committee, composed of 
Irving S. Wright, chairman; Clark Millikan, vice-chairman and 
editor; E. Cowles Andrus, and Miller Fisher, opened the sessions 
Wednesday evening (Jan. 16) with a discussion of the problem of 
nomenclature and classification of cerebral vascular disease 
(Clark Millikan). The Thursday sessions (Jan. 17) began with a 
discussion of pathologic aspects (Harry Fang and Raymond D. 
Adams); methods for estimating cerebral blood flow (Gustav 
Nylin and Seymour S. Kety); experimental cerebral vascular 
disease (Joseph P. Whisnant); hypertension and cerebral vascular 
disease (A. C. Corcoran); and intermittent cerebral ischemia 
(Miller Fisher). The remainder of the program highlighted 
modern therapeutic approaches: dietary measures and the use of 
hormones directed to atherosclerosis (Jeremiah Stamler); report 
of 10 years' experience of anticoagulant therapy in cerebral 
thrombosis and embolism (Ellen McDevitt); experimental studies 
with enzymes (Eugene Clifton); the use of hypothermia in the 
surgical treatment of aneurysms (E. H. Botterell); and the 
evaluation of rehabilitation programs (Philip Lee). Among the 
distinguished discussers in the program were David Barr, Sir 
Russell Brain (London), P. C. Bucy, H. S. Dunning, W. T. Foley, 
R. W. Gerard, E. S. Gurdjian, Louis Hausman, H. Houston Merritt, 
Alfred Pope, Howard Rusk, Peritz Scheinberg, A. E. Walker, and 
Harold G. Wolff.... The first conference on cerebral vascular 
disease also was held in Princeton under the same Sponsorship on 
January 24-26, 1954 (January 1954 Newsletter). 


Briefs The spring 1957 meeting of the Research Advisory Board 

(Seymour S. Kety, chairman) of United Cerebral Palsy 
will take place in Detroit following the international symposium 
on the reticular formation, sponsored by the Henry Ford Hospital 
(Newsletter, February 1957).... J. G. Greenfield (London), 
distinguished neuropathologist, started another visit at the 
National Institute of Neurological Diseases and Blindness on 
February 23 for a period of six months. 
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of rauwolfia for improved control 
of tension and hypertension. 


preferred by tense patients... 
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patients... side effects are less 
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MODERIL (brand of rescinnamine) 
gently brings relief to patients 
suffering from labile hypertension 
and anxiety, with less frequent and 
less pronounced side effects than 
earlier forms of rauwolfia therapy.'” 
With Moderil there is reported a 
reduced incidence and reduced severity 
of such side effects as: depression, 
diurnal somnolence, lassitude, weight 
gain, bradycardia, fatigue and weak- 
ness.'* It is further reported that an 
appreciable number of patients who com- 
plain of mental depression, for example, 
while on other forms of rauwolfia, may 
be relieved of such symptoms by changing 
to rescinnamine (Moderil).‘ In a recent 
comparative study involving tense patients 
“‘rescinnamine was preferred ... by almost 
all the patients in the trial.’”® 


Supplied: oval, scored, yellow tablets, 0.25 
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RING SANATORIUM 


Eight miles from Boston 
For the study, care and treatment of emotional, mental, personality and 
habit disorders. 


On a foundation of dynamic psychotherapy all other recognized thera- 
pies are used as indicated. 


Cottage accommodations meet varied individual needs. Limited facili- 
ties for the continued care of progressive disorders requiring medical, 
psychiatric, or neurological supervision. 


Full resident and associate staff. Courtesy privileges to qualified physicians. 


BENJAMIN Simon, M.D. CuHar_es E. Wuirte, M.D. 
Director Assistant Director 
Arlington Heights, Massachusetts Telephone MIssion 8-0081 


BALDPATE, Inc. 


Geo. Fleetwood 2-2131 Georgetown, Mass. 
Located in the hills of Essex County, 30 miles north of Boston 


For the treatment of 
psychoneuroses, personality disorders, psychoses, alcoholism and drug addiction. 


Occupation under a trained therapist, diversions and outdoor activities. 


Harry C. Sotomon, M.D. Grorce M. ScHLOMER, M.D. 
Consulting Psychiatrist Medical Director 
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APOLAMINE EFFECTIVE IN MENIERE’S 
DISEASE 


Apolamine, an antiemetic, made by Win- 
throp Laboratories, New York City, effectively 
controlled the symptoms of Meniere’s disease 
in four consecutive patients who had failed to 
respond to other therapy. According to Dr. 
Dicran A. Berberian, of Loudonville, New 
York. Concurrent use of rauwolfia serpentina 
had both a tranquilizing and bradycrotic effect 
on the patients treated at Albany Medical Col- 
lege. Rauwolfia also potentiated the action of 
Apolamine so that fewer tablets of the anti- 
emetic compound were required. Treatment 
and observation ranged from 12 to 20 months. 
Apolamine, alone or combined with the tran- 
quilizer, succeeded in reducing or eliminating 
most of the distressing symptoms, Dr. Berberian 
states. Under medication, patients were pro- 
tected against paroxysms of vertigo, and tinni- 
tus was markedly reduced or eliminated. Nau- 
sea and vomiting were checked, as were head- 


aches in several cases. A patient with severe 
tension headache reported substantial relief. 


STANDARD PHARMACEUTICAL EXPANDS 
DISTRIBUTION 


The Standard Pharmaceutical Company, Inc., 
New York City, has made three products avail- 
able for worldwide distribution. Transpulmin, 
a combination of quinine and camphor dis- 
solved in essential volatile oils, is used as an 
adjuvant to pulmonary and bronchial therapy 
and may also be employed when an allergy to 
antibiotics is demonstrated. Eucarbon tablets, 
combining adsorbent activated-charcoal with 
extract of rhubarb, powdered senna, and pre- 
cipitated sulfur, are used for constipation, in- 
testinal fermentation, and chemical or food poi- 
soning. Valerianet-Dispert, the third of the 
compounds, a natural herbaceous sedative tab- 
let, is useful in cases which require a sedative 
outside the barbiturate medications. 
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First International Congress 
of NEUROLOGICAL SCIENCES 


July 21-28, 1957 


BRUSSELS 


The program of the first combined meeting of the individual con- 
gresses related to neurology and the neurological sciences will feature 
TOPICS OF COMMON INTEREST 


® States of Consciousness in Neurology 
© Extrapyramidal Pathology 


MAJOR SYMPOSIA (Clinical and Experimental) 
Demyelinating diseases 
® Subcortical and temporal lobe epilepsy 
© EEG, hypothermia, and stereotaxy 
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